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} 
_ Within the past several years, admixtures 


to reduce water content and to retard set 
in portland cement concrete have come into 





prominent use in construction, With the 
recognition of benefits derived from and the 
increase in availability of commercial con- 
crete retarders, the need for a specification 
for the acceptance and performance of all 
types of retarders has become great. Prob- 
lems of acceptance and performance, how- 
ever, confront the engineer, who is 
responsible for the selection and use of a 
satisfactory retarder, because of a lack of 
standard methods of testing retarders. 
It was believed that these problems would be 
greatly reduced by procedures for testing 
which would allow the engineer to make 
tests of the retarder to determine if it is 
acceptable and is uniform from batch- 
_to-batch. 

In an attempt to standardize testing 
methods for retarding admixtures, the 
Bureau of Public Roads in 1957 undertook an 
extensive investigation of the effects of 
commercial retarders on certain properties 
of portland cement concrete. A question- 
naire was sent to all marketers of retarders 
known to the Bureau of Public Roads 
with a request for samples and informa- 
tion. Of the samples received, 25 sam- 
ples from 11 companies were chosen for 
testing. The other samples were considered 
not to meet the Bureauw’s conditions for in- 
clusion in the testing program because they 
were either not essentially retarders or were 
not available commercially at the time of 
receipt. 

The study of commercial retarders was 
conducted in two phases. First, chemical, 
ultraviolet, and infrared spectral analyses 
were made to determine the composition 
ofeachretarder. Second, a study was made 
of the performance of the retarders when 
used in concrete. The results of the two 
phases of investigation are included in this 
issue. Also included is a recommended 
specification for water-reducing retarders. 

All materials were analyzed for specific 
physical properties and chemical composi- 
tion. One objective of the chemical and 
other analyses was to develop procedures 
by which such materials could be identified 
quickly to provide a basis for obtaining the 
necessary assurance that the composition 
of a product is uniform from batch-to- 
batch. Another objective of the analyses 
was to establish the chemical composition 
of typical commercial products to show 
possible relationships between chemical 
composition and the performance of con- 
crete prepared with the retarders. 

The term “‘retarder”’ is used for brevity in 
this issue to mean a water-reducing re- 
tarding admixture. The retarders studied 
were classified, according to their chemical 
constituents, into three general chemical 


types. For the purposes of discussion they 
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are referred to as lignosulfonates (salts of 
lignosulfonic acid), organic acids (organic 
acids of the hydroxylated carboxylic type 
or their salts), and carbohydrates (reducing 
and nonreducing sugars and starches). 

Water-Reducing Retarders for Concrete— 
Chemical and Spectral Analyses (p. 126) 
deals with the results obtained by the vari- 
ous analyses of the retarders and the relative 
merits of each method in characterizing the 
composition of the admixtures. 
conclusions based on the data are: 

1. Infrared spectral analysis offers the 
most promising means available for rapid 
identification and classification of retarders. 
This technique can be used to identify a 
material by obtaining a recorded spectral 
curve for each Less than 30 
minutes is required for the analysis whereas 
a week is required by conventional methods 
of chemical analysis. 

2. For specific construction projects, 
infrared analysis can be used to assure the 
purchaser of _ the of the 


Specific 


retarder. 


uniformity 
admixture. 

3. All three types of retarders could be 
distinguished from each other on the basis 
of infrared spectra, Although the ligno- 
sulfonate retarders had the same general 
infrared spectrum regardless of the type of 
salt present or the source of supply, in many 
instances, specific commercial lignosul- 
fonates could be identified or differentiated 
by spectral differences caused by the manu- 
facturing process or the presence of other 
ingredients. As to organic acids and carbo- 
hydrates, specific trade products could be 
distinguished from each other. 

4, Ultraviolet spectra can also be used 
to identify lignosulfonate retarders and to 
obtain quantitative information as to their 
concentration. However, the spectra ob- 
tained are not as specific as are the infrared 
spectra, 

5. Although useful in identifying retarder 
materials, conventional chemical analyses 
are time consuming and tedious and in 
many cases yield doubtful results. This 
was found to be especially true for the 
lignosulfonate and organic acid retarders. 

Water-Reducing Retarders for Concrete— 
Physical Tests (p. 136) reports the data of 
the effects of commercial retarders on 
certain properties of portland cement 
concrete. The tests reported therein cover 
time of retardation, reduction of water, 
durability, and compressive and flexural 
strengths at various ages. The conclusions 
given below apply to concrete prepared with 
the cement and aggregates in the stated 
proportions and conditions of mixing, mold- 
ing, curing, and testing used in this inves- 
tigation. 

1. To retard the setting time of concrete 
21/9 to 3 hours, more retarder was required 
in some cases than that recommended by 
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the manufacturer. This may have been 
due to the cement used in these tests, and 
indicates that acceptance tests of retarders 
should be made with the cement to be used 
in the proposed construction, 

2. Allretarders permitted some reduction 
in the amount of water required to prepare 
This 
reduction was over 5 percent for 23 of the 25 
retarders tested. 


concrete with a specific consistency. 


3. The use of retarders improved the com- 
pressive strength of concrete when the air 
content 8 percent. This 
applied to concrete having either the same 
cement content or the same water content 


was less than 


as was used in concrete prepared without a 
retarder. 

4. The flexural strength of concrete in 
general was not reduced by the use of 
retarders tf the air content was less than 8 
percent. When the cement content of the 
concrete containing the retarder was the 
same as that for concrete without a retarder, 
use of the retarder generally furnished 
higher flexural strength at both 7 and 28 
When the had the 
same water content, those containing the 


days. two concretes 


retarder generally had _ higher 


strength at 7 days and about 
strength at 28 days. 


flexural 
the same 
5. As determined by freezing and thawing 
tests in the laboratory, the durability of 
the 
most cases less than that for concrete pre- 


concrete containing retarder was in 


pared without the retarder. However, the 
decrease in relative durability was signifi- 
cant in the case of only one retarder. 

6. The contraction of concrete during 
continuous storage in laboratory air or the 
expansion during continuous moist storage 
was about the same for concrete prepared 
with or without a retarder. 

7. An overdose of four times the normal 
amount of retarder generally caused a long 
delay in the hardening of the concrete. 
However, if the air content of this concrete 
was not over 8 percent, the compressive 
strength at an age of 28 days was usually 
greater than that of the concrete prepared 
without a retarder. 

8. More retarder was usually required to 
retard the setting of concrete at a tempera- 
ture of 90° F. than at 73° F. With few 
the compressive of 
concrete prepared with a retarder at 90° F. 


exceptions, strength 
was greater than that prepared at the same 
temperature without a retarder. 


The data obtained from the study of the 
effects of retarders on concrete were used 
to prepare a specification for the acceptance 
and use of these retarders. The 
mended specification is given on page 153. 
It is of interest to note that of the 25 
retarders used in the test, 16 retarders met 
all of the requirements of the proposed 


recom- 


specifications. 
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Water-Reducing Retarders for Concrete— 


Chemical and Spectral Analyses 


BY THE DIVISION OF, PHYSICAL RESEARCH 


BUREAU OF PUBLIC ROADS 


N THE PAST SEVERAL YEARS, ad- 

mixtures to reduce water content and 
retard set in portland cement concrete have 
come into prominent use in construction. 
These materials are usually complex organic 
products which are sold under various trade 
names. As yet there are no standard specifi- 
cations or methods for testing retarders, but 
the American Society for Testing Materials 
(ASTM) is now considering these specifica- 
tions and methods for testing such admixtures. 
These include among other items, requirements 
for the effects of water-reducing retarders on 
the compressive strength of the concrete, 
resistance to freezing and thawing, and change 
in volume. These tests may require a period 
of one year or more for completion and conse- 
quently are intended for the primary evalu- 
ation of such admixtures. 

After an admixture has been found accept- 
able under these specifications, subsequent 
purchases of the same material for use on 
specific projects may not be subjected to ex- 
tensive testing because of the time and cost 
involved. Consequently, the presently pro- 
posed specifications for retarding and water- 
reducing admixtures suggest that the pur- 
chaser obtain assurance that the admixture 
supplied for use on each field job or project be 
equivalent in composition to the original or 
reference admixture subjected to the ex- 
haustive tests required by the specifications. 
To explore the best means of doing this, 
chemical analyses, as well as ultraviolet and 
infrared spectral analyses, were made on 25 
commercial or trade-name retarders. All 
materials were analyzed for specific properties 
and chemical composition. 


Types of Retarders Studied 


The retarders investigated were found to be 
of three general chemical types: lignosulfo- 
nates; salts of organic hydroxy-carboxylic 
acids; and carbohydrates. A general discus- 
sion of the origin and characteristics of these 
major types of retarders studied is given below. 


Lignosulfonates 


With one exception, the lignosulfonate ma- 
terials studied were derived from spent sulfite 
liquor obtained in the acid process of wood 
pulping. The single exception was derived 
from the Kraft (alkaline) process. Materials 
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were supplied as the calcium, sodium, or am- 
monium salts, and either as a powder or in a 
water solution. 

Lignosulfonates are considered to be poly- 
mers of high molecular weight. A single 
sample may contain molecules ranging in 
molecular weight from several hundred to 
100,000 with an average molecular weight of 
approximately 10,000 (1, 2).2 Structurally, 
these materials are polymers of a substituted 
phenyl propane grouping. The repeating 
monomer unit has been represented as shown 
in figure 1, diagram A (2). The functional 
units of interest are hydroxyl (OH), methoxyl 
(OCH;), phenyl ring, and the sulfonic group 
(SO3;H). In the lignosulfonate salts, a metal 
or ammonium cation replaces the hydrogen in 
the sulfonic grouping. 

Many commercial lignosulfonates also con- 
tain varying amounts of reducing sugars. A 
typical analysis showed the following percent- 
ages of wood sugars based on total sugar 
content (3): mannose—48 percent; glucose— 
15 percent; xylose—15 percent; galactose—10 
percent; arabinose—6 percent; fructose— 
under 2 percent; and sugars unaccounted 
for—4 percent. Much of these sugars can be 
removed by suitable processing techniques. 


Organic hydroxy-carboxylic acids 


Salts and complexes of organic hydroxy- 
carboxylic acids, sometimes referred to as 
sugar acids, are derived from the fermentation 
or oxidation of carbohydrates, such as dextrose, 
glucose, or starch. They are characterized by 
several hydroxyl groups and either one or two 
terminal carboxylic acid (COOH) groups 
attached to a relatively short carbon chain 
as illustrated in diagram B of figure 1. As 
retarders, they are generally supplied as metal 
salts in which the hydrogen in the carboxylic 
acid group is replaced by sodium, potassium, 
ete. 


Carbohydrates 


Carbohydrates, such as reducing sugars 
(e.g., glucose), have been used as retarders 
(4). However, non-reducing sugars, sucrose 


1 Presented at the 40th Annual Meeting of the Highway 
Research Board, Washington, D.C., January 1961. 

2 Acknowledgment is made to Raymond Cherwinski and 
L. B. Hayes, Analytical Chemists, for their assistance in 
carrying out the chemical and ultraviolet analyses. 

3 Italicnumbers in parentheses refer to a list of references on 
page 135. 


Reported | by WOODROW J. HALSTEAD, 
Supervisory Chemist, and 
BERNARD CHAIKEN, Chemist? 


or cane sugar, are more illustrative of the type | 
of carbohydrate evaluated in this study. 
The structure of sucrose is shown in diagram 
C of figure 1. Here again, hydroxyl groups | 
are characteristic of the material. . 


Physical Properties 


The physical properties of each retarder | 
evaluated in this study are shown in table 1. — 
Most of the materials were powders, the rest _ 
were aqueous solutions. The color code was 
obtained by a visual comparison with the | 
closest color standard available in Federal | 
Standard No. 595. Although this Federal _ 
Standard is intended primarily for paints, it is 
useful for describing colors of other materials 
by standardized code number. | 

The specific gravities of the liquid samples 
were determined with a hydrometer. Values 
for pH were obtained electrometrically on 
liquid samples as received, and on aqueous 
solutions containing one percent of the solid 
materials. Rather low pH values, indicating 
significant acidity, were obtained on a com- | 
plexed hydroxy-carboxylic acid retarder (No. 
6) and all the ammonium lignosulfonates 








(Nos. 7, 10, and 17). Several calcium 
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Figure 1.—Typical chemical structures of 
retarders studied. 
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1 Federal Standard No. 595 (by visual matching). 
2 Hydrometer method on liquid samples as received. 





Table 1.—Physical properties of retarders 



































Calor Solubility in—+4 Foaming properties, milliliters of foam 
Specific after— U let ; 
Retarder Form Odor Oro eT pH 3 rhe mige: Sacameatita) 
No. 77° F2 Alcohol Di- 1 2 5 15 aqueous solution 
Observed Code 1 Water | benzene methyl | minute | minutes | minutes | minutes 
chloroform | sulfoxide 
i Sere re Wako [bite le ool IN Gey eles eee eal Seen Phenolic..- 1.143 ripe ee ee ee ee 0 0 0 0 
och Sak ae Soldesae Sy Ur ikedn | NAKayOre el | RS 7.8 I I I 0 0 0 0 
: eee een | ae ars oes : oe ae cone) case ee 7.2 S) I I 10 5 3.5 1 
toe iquid___.| Amber ancid____ 1, 182 6.8 noon Pree Se 0 0 aM 0. 

ae eed mE doee 20109 | Pungent__ 1.148 (aa Set, yl pee ee ne nee 0 0 : he siete oo 
Ga Fane a = bs See ane Se 1.178 2.8 eae Ah, eee ey (Ea ae 0 0 0 0 
(a Olid sae ast 10091 O0d y= oa) Pe <4 22- 3.3 PS I I 10 ‘4 4 1 Mold h. 
(eas anaifo Vaae es Pilko eea aca 30313 INONG ee | Pareles 7.6 I I I 0 0 0 0 3 oe 
ie os eee Liquid____| Dark brown____. 10032 | Rancid__-- 1.196 8.2 ees Wn See een et | ee nae 0 0 0 0 
Qn mel Solidus. 23. Medium brown-| 10091 | Woody____| -------- 3.2 I I 2 2 1.5 1 Mold growth. 
Ath ee oe 2 .--do.....--| Light brown..--| 20400 6.8 Ss I I 4 2 0 0 Do. 
eee ea Oke Minstandseser=s= 80266 6.7 Ss I PS 0 0 0 0 
iS ae ro> 3S _..do_....--| Medium brown 30117 9.4 PS I I 1 .5 0 0 
ie See eae iSee(s Vaya eel WO Nake pee ae 31643 4.6 iS) iL I 5 4 3 1.5 
1 Uiiepert eens fe C0. Meise Olives zeae. 30009 7.4 NS) I I 11 8 4.5 2 
Gees ee Ose AMEN Se eee ea 31643 (33 PS i PS 9 6 2.5 | 1 
1 eat A doweee® | Light brown__-_- 20400 3.8 s I Ss 1.5 1 .5 0 Mold growth. 
| See Oe | eel domes Taree oot 51S Se 31643 7.4 NS) I I 3.5 2 1 a) 
1G eeienene (as Cone: Light brown_--- 20400 6.6 S I I 18 0 0 0 
Napa oe Cake Liquid____| Dark brown____- 10032 4.8 oyster Bee 12 8 4 1 

10032 4.7 Rio ll gesss= con allbieeocen 10 Uf 3 5 

30045 8.8 S I I 5 2.6 1 ALi) 

10091 9.5 s I I 0 0 0 0 

31643 7.8 PS I ii 1 1 5 0 

31643 4.6 PS I I 7 7 ei % 


5 20 ml. of 1-percent aqueous solution in 50 ml. stoppered graduate. Inverted 30 times. 
Readings then noted at indicated time intervals. (Modified from McCutcheon, J. W., 


3 Electrometric method on liquid samples as received, and on solid samples in 1-percent Synthetic Detergents, 1950, p. 79.) 


water solution. 


6 By transmitted light. By reflected light, color had a greenish fluorescence (equivalent 


4 Atroom temperature: I=insoluble (ess than 0.01 g. in 10 ml.); PS=partially soluble to Code 14187). 
(between 0.01 and 1 g. in 10 ml.); S=soluble (more than 1 g. in 10 ml.). 


lignosulfonates (Nos. 14, 20, 21, and 25) had 
moderately low pH values, possibly as a result 
of incomplete neutralization of the sulfonic 
acid groups during processing. 

The apparent insolubility of samples Nos. 2 
and 8 in water was caused by the large amount 
of inert filler in each material. Ultraviolet 
fluorescence was observed on a_ 1-percent 


aqueous solution of sample No. 4, most likely detergent which has been incorporated into 
because of a fluorescent dye used by the pro- the admixture. 

ducer to characterize his product. As noted 
in table 1, a mold growth developed in several 
of the 1-percent aqueous solutions after stand- Table 2 shows the results of qualitative chem- 
ing for about one week. Only retarder No. 25 ical tests used to identify and classify each ma- 
produced a lasting foam in the foaming test. terial for further evaluation. References to the 
This was apparently a result of some synthetic methods used are given in the footnotes to the 


Qualitative Chemical Test Results 


Table 2.—Qualitative tests on retarders ! 
























































Sulfonated organics (Basic Nitrogen 
fuchsin test) ? Ligno- Carbon-} Cal- Potas- 
Retarder |_ sulfonate|Chloride| Sulfate ate cium |Sodium} sium Hydroxy acids (di- | Complexing agents | Melting point of 
No. (Proctor-|(AgNO3] (BaClg (acid |(oxalate| (flame | (flame naphthol test) 6 (CuSOs+- NaOH | phenylhydrazine 
Original] Alcohol-|Alcohol-| Hirst test) test) effer- test) | phot.) | phot.) | Ammo-| Albu- test) 6 derivative, °C. 6 
materialjinsoluble} soluble | test) 3 vescence) niacal 4 | minoid 4 
fraction | fraction 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 
1a INS eee en oes See N N N N N ‘Ah INGpg | Pears cae | ene |e ae eere eee Se CREE P (light blue) ____- 
Teo ee iP ip N af N N 12 N Ae N N ONE eee ee ee ee ee eee EF No derivative, 
eerte set Pp; 12 N 12 N Q N 12 iB Ah N Ng ey peal “ee aot Tae | Lt BI eRe 
(ee SO IND NPS eS Oo ee N N N N N i CTA eee Set aes Se Pe(ereen) aes eeene P (light blue)-____ 188 to 189. 
‘i Pe Nig {| See ead Pe oee N P N N N AY aD N P P (blue-green)---.} P (medium blue)--| 189 to 191. 
Gules. ING Wale Sere a | ee eens N N N N N AM INN, bro oe | eee P (light blue) -_-_-_-- No derivative. 
peepee iP iP N i N Q N N ap ah iP Pee) | See ete dese e aa pone = sec e ee cee se 
os ee NG eee | N N N N P 12 TELA) 5 Ee a | ee P (light green)____| P (light blue)-_--__- No derivative. 
OM eee INU Pee ee et Pak N 12 N N N iP? Ded WU SESE? Ul ees IPs (2h Oerh) See a= P (blue-green) --__| 180 to 182. 
1 OR iP 12 N 1 N Q N N Tt iT ie Dee | eee oes Sea een hill SECS es aS Fo es 
ihe ees 12 12 N 12 iz iP N P ie 12 N ING 5 [oe ae ne ree ee | ee) ee ee 
1D es Ie 12 N 12 N N N 12 12 an N ING ea ee eS ee See 
SEs Ie 1p N 12 N N ie aT 12 Aw N ING eee tae ad ee Pee hr aie 
Lakes c 12) 12 N 1p N P N P Ie TS N NA | Sea eaey eee eee esd (ee ke ee te 
fia: SAS i 12 N 12 N 12 N N 1? at N I> of pee Se ee Po eer ee 
16 =eee= = iP i2 N ie N ie N ie ae TT N INE i bpp co RE A EE een tne eee ee Oe 
ily gee Te ie 12 N Pp. N Q N N ae: AR ie gm | es eon ee eee ee coe ee <a ee 
HS Mes 2 iP 1p N 12 N N N 12 ip ih N Ne || ee ea a Eee > P (light green)..-_| No derivative. 
IQs P 1B N P N Q N N ie Pp N IN | ce oe ene eee | ee ee ee eee 
7. ee ip ie N 1% N N N P AW ay N ING | eee eee ee Ne ee Se ees 
Ch hai Beat 12 1p N 1 N N N 12) ‘Ty a N INGE | See ee eee IN eae eee 
eee P 1 N IP N Q N N 12 N N Noe Big) | 5 Se Se be a 2 ee tr dn Se 
Douea ee P P N 12 N Q N N iz ay 12 Pen | tis eee ees ee | Se tee ee ee 
7 aes Pp iB N 12 P Aw N P 1 P 12 TS 4 aa Eh RIS Oe SE 8 
sie ae 1p Pp. P 1 N 1 N ie ie T N INR | = See ee es eee | eee eee oe 
1 Code: P=positive indication; N=negative indication; T=trace indicated; Q=question- § A positive indication of sucrose was obtained by the alpha-naphthol test (Griffin, R. C., 
able indication. Technical Methods of Analysis, 2d ed., 1927, p. 567). 
2 Modified from Wallin, Anal. Chem., vol. 22, 1950, pp. 616-7. 9 A positive indication of triethanolamine was obtained by the Kraut test (Official Methods 


3 Jour. ALCOA, vol. 51, No. 7, 1956, pp. 353-76. 
4 PUBLIC ROADS, vol. 27, No. 12, 1954, p. 268. 


5 F. Feigl, Qualitative Analysis by Spot Tests, 3d ed., 1946. 


6 Test procedure given in text. 


of Analysis, A.O.A.C., 7th ed. 1950, p. 609). 
1¢ Positive indications of zine (sulfide test), and boron (flame and turmeric tests) were ob- 


tained. 
1 A negative test for triethanolamine was obtained by means of the Kraut test (see footnote 


‘A positive indication of phenols was obtained by the Millon test (Feigl, Qualitative 9). 


Analysis by Spot Tests, 3d ed., 1946, p. 380). 
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table. Positive test results are shown by ‘‘P”’, 
negative results by ‘“‘N’’, trace quantities by 
“T and questionable results by “Q”’. 

Sulfonated organic material was identified 
with basic fuchsin. This reagent reacts with 
sulfonates in acid solution to form a magenta- 
colored complex which can be extracted with 
chloroform. The results are given in column 2. 
The method has been described as a quantita- 
tive spectrophotometric determination of sul- 
fonated and sulfated organic materials (4). 
When a positive result was obtained on the 
original material, additional tests were made 
on the alecohol-insoluble and alcohol-soluble 
fractions of the retarder. A positive result on 
the alcohol-insoluble fraction suggests the 
presence of lignesulfonates, since lignosul- 
fonates are insoluble in alcohol. A positive 
test result on the alcohol-soluble fraction, as 
for retarder No. 25, suggests the presence of a 
sulfonated or sulfated synthetic detergent. 
Consequently, the result on sample No. 26 
reinforces the findings of the foaming test, 
that this material contained a synthetic 
detergent. 

A more specific indication of lignosulfonate 
is given by the Proctor-Hirst test. In this 
test, an acidified clear extract is treated with 
aniline. A resultant cloudiness is indicative 
of lignosulfonate. The test is considered to 
be quite reliable (6). In every case, these 
results are in agreement with the findings from 
the basic fuchsin test. 

Columns 6 through 11 in table 2 show the 
the results of tests for chloride, sulfate, car- 
bonate, calcium, sodium, and potassium using 
standard procedures. Positive test results for 
chloride and sulfate are not entirely reliable 
in the presence of some organics, such as were 
found in some retarders, because of the pos- 
sible precipitation of organic salts in the 
presence of silver and barium reagents. 

Test results for both ammoniacal and 
albuminoid nitrogen are shown in columns 12 
and 13. In the test for ammoniacal nitrogen, 
an alkaline solution of the sample was boiled 
and the vapor tested with red litmus paper for 
volatile ammonia. A blue color indicated the 
presence of an ammonium salt. Following the 
removal of volatile ammonia, permanganate 
was added and the test repeated to detect 
albuminoid nitrogen. Positive results suggest 
the presence of amines and similar nitrogenous 
compounds. 

Zine was detected in sample No. 6 by 
precipitation as a white sulfide, and boron by 
flame tests and turmeric paper. In sample 
No. 1, a phenolic odor was detected which was 
attributed to a phenol-type material. This 
phenolic material was confirmed by the 
Millon test. This material probably serves as 
a fungicide. ‘The same retarder also gave a 
positive test result for sucrose. However, 
substances similar to sucrose may give posi- 
tive results with alpha-naphthol reagent, so 
that these results were not conclusive. 

The results of the dinaphthol test which 
has been used to identify many hydroxy- 
carboxylic acids are shown in column 14. 
Acids such as tartaric, malic, tartronic, glu- 
coronic, and gluconic reportedly give a green 
fluorescence (7). Where a positive test result 
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was obtained, the nature of the color which 
developed is shown in parentheses. 

Test results for complexing agents are 
shown in column 15. Although not specific, 
the test may be used to detect such com- 
plexing agents as triethanolamine, sugars, 
hydroxy-carboxylic acids, ete.4 Where posi- 
tive results are shown, the color of the copper 
complex formed is also given. 

A specific check for triethanolamine was 
made by means of the Kraut test. Sample 
No. 5 gave a positive indication of the 
presence of this compound, while sample No. 
18 gave a negative test for triethanolamine. 

Column 16 shows the melting points of 
phenylhydrazine derivatives of several re- 
tarders. Ordinarily, such derivatives are 
obtained with carboxylic acids, and the 
melting points of these derivatives have 
been used for qualitative analyses.5 This 
test was suggested by one producer of 
retarders; however, in this study it was 
found that duplicate determinations failed to 
give reasonably reproducible results. 

On the basis of the above qualitative tests, 
the following summarization was possible. 
Retarder No. 1 contained a sugar and a 
phenolic additive. Five samples were found 
to be the following derivatives of hydroxy- 
carboxylic acids: Nos. 4, 8, and 9 appeared 
to be metal salts; No. 6 a zine borate complex; 
and No. 5 a triethanolamine salt. The other 
materials were lignosulfonate salts of various 
types. 


Quantitative Chemical Analyses 


Inorganic constituents 


Table 3 gives the results of the analyses for 
inorganic constituents in each retarder sample. 
Moisture or water was determined by oven 
loss at 105° C. except for sample No. 5. 
This material had a tendency to decompose 
or volatilize at that temperature, and there- 
fore its moisture content was determined by 
heating at 50° C. under vacuum. 

Total ash content was determined by igni- 
tion at 600° C., and HCl insoluble by treating 
the ash with hydrochloric acid (1:5). The 
acid-soluble ash constituents were then deter- 
mined by conventional methods of analysis 
and reported as the oxides. The alkalies, 
Na,O and K,O, were determined by flame 
photometry, and zine by ferrocyanide titration 
with an external indicator. Carbon dioxide 
was determined by wet evolution with hydro- 
chlorie acid and chlorides by the Mohr titra- 
tion. Boron was analyzed by distillation with 
methyl alcohol followed by titration using an 
ASTM standard procedure. Total sulfur was 


4 Details of the test procedure are as follows: To 10 ml. of 
a 1-percent solution of the admixture, add 1 ml. of 10-percent 
NaOH, mix, and add 1 ml. of 3-percent CuSO4. Mix and 
note whether a soluble colored copper complex is formed. 

5 Details of the test procedure are as follows: To a test 
tube (35 ml., 20 x 150 mm.) add 1 ml. of a 50-percent aqueous 
solution of active ingredient, add 4 ml. H20, 0.7 ml. of 
glacial acetic acid and 1.0 ml. phenyl hydrazine. Fit with 
reflux tube approximately 8 inches long, heat in boiling 
water and reflux 3 hours. Filter while hot, collect filtrate, 
cool and let crystallize from 2 hours to overnight. Collect 
crystals by filtration, wash with 5 ml. cold water, then 5 ml. 
alcohol. Dry at room temperature and determine melting 
point. 


obtained by wet oxidation followed by pre- 
cipitation as barium sulfate. 


Summary of inorganic results 


Retarders Nos. 1, 5, 7, 10, and 17 appeared 
to be composed almost exclusively of organic 
material that was completely volatilized at 
600° C. Retarder No. 2 contained limestone 
or dolomitic limestone along with zinc, perhaps 
as zinc oxide. Samples Nos. 4 and 9 were 
composed of sodium and potassium salts, 
respectively, of carboxylic acids. Sample 
No. 6 contained zine and boron, most likely 
in the oxide form. Retarder No. 8 contained 
a large amount of insoluble siliceous material 
and iron oxide. Retarders Nos. 11 and 24 
contained calcium chloride and No. 13 con- 
tained a substantial amount of sodium car- 
bonate. 


Organic constituents 


The organic constituents determined in 
each retarder are shown in table 4. References 
to the methods used are given in the footnotes. 
The volatile matter at 600° C. is an approxi- 
mate measure of total organic material present. 
Methoxyl was determined by the Zeisel 
method. 

Lignosulfonates were determined by a 
recommended cinchonine procedure. It ap- 
pears from the results shown, as well as the 
results of duplicate determinations, that the 
cinchonine procedure yielded erratic results. 
Lignin content was also calculated from the 
methoxyl values as given by the Technical 
Association of the Pulp and Paper Industry 
(TAPPI method T629, m-53). While this 
procedure was empirical, the results appeared 
to be more realistic than those obtained by the 
cinchonine method. 

A colorimetric procedure was used to 
determine total carbohydrates by the anthrone 
method (8), and reducing sugars were deter- 
mined by the Somogyi-iodometric method, 
after precipitation of non-carbohydrates with 
basic lead acetate. In both cases the con- 
stituent was calculated as glucose. 

Sucrose was determined by the AOAC 
(Association of Official Agricultural Chemists) 
official chemical procedure by direct weighing 
of cuprous oxide. The anionic sulfonated 
detergent was determined colorimetrically 
with basic fuchsin after first extracting the 
detergent with alcohol. The method used 
was similar to that prescribed by Wallin (6) 
except that visual estimation was made in 
Nessler tubes because of the staining effect 
by the reagent on spectrophotometric cells. 

Phenol was determined from the spectro- 
photometric absorption at 270 millimicrons, 
using a calibration curve of known concentra- 
tions of phenol plotted against absorbance. 

Total nitrogen was obtained by the Kjeldahl 
distillation procedure, and ammoniacal nitro- 
gen was determined by distillation from an 
alkaline solution. After removing ammoniacal 
nitrogen, permanganate was added and 
albuminoid nitrogen obtained by distillation. 
Fixed nitrogen was calculated by difference. 


Classification and probable composition 


Based on the results of chemical analysis, 
the classification and probable composition of 
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each retarder are given in table 5. The ma- 
jority of the retarders analyzed were found to 
be ammonium, sodium, or calcium salts of 
lignosulfonie acid. The approximate amount 
of lignosulfonate salt shown was obtained 
by empirical calculations based on methoxyl 
values. In two samples, Nos. 3 and 15, the 
empirical calculation gave unreasonably high 
results because of high methoxyl contents. 
Consequently, the values shown for these sam- 
ples were obtained by difference and therefore 
represented the maximum amounts of ligno- 
sulfonate possible. Carbohydrates, both non- 
reducing and reducing-sugar types, were caleu- 
lated as glucose. 


Only one lignosulfonate retarder, No. 25, 
was found to contain a sulfonated synthetic 
detergent, which was possibly a sodium alkyl 
aryl sulfonate. Two of the lignosulfonates, 
Nos. 11 and 24, contained substantial amounts 
of calcium chloride (9.8 and 25 percent, 
respectively). Retarder No. 2 contained 
80-90 percent of dolomitic limestone and 
about 7 percent zine oxide. Retarder No. 13 
contained approximately 29 percent sodium 
carbonate. 

The derivatives of hydroxy-carboxylic acids 
were found to be metallic salts—sodium, 
calcium, and potassium; triethanolamine salt; 
and zine borate complex. These materials 


contained little or no carbohydrates. Retarder 
No. 8, a solid material, contained iron oxide 
and siliceous filler. 
material in 

by difference. 

Only one retarder, No. 1, was found to be 
a carbohydrate. This was 
nonreducing sugar (sucrose). 
some phenol to 
mold growth. 

It is quite possible that these retarders may 
contain minor amounts of other organic 
substances not discussed here, but no effort 
was made in this study to identify all such 
minor constituents. 


The organie carboxylic 


each retarder was estimated 


essentially a 
It contained 
prevent fermentation or 


Table 3.—Inorganic constituents in retarders, by percent of constituent 





Analyses on dry solids basis 2 
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1 Loss at 105° C., calculated on basis of material as received. 
2 Neg. = Negligible. 

3 Fe.O3 plus AloOxs. 

4 Volumetric determination with ferrocyanide. 


§ Distillation method, modified from method C 169-83, sec. 18; ASTM Standards Part. 3, 
1955, p. 907. 

6 TAPPI, T 629-m53, 

7 Loss at 50° C., vacuum. 

§ Mainly siliceous matter. 


Table 4.—Organic constituents, in percentages by weight of dry solids 
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6 AOAC method 29,29. : 

7 Colorimetric method (basic fuchsin), Wallin, Anal. Chem., vol. 22, 1950, p. 616. 
8 By spectrophotometric absorption at 270 millimicrons. 

§ AOAC method 2.37. j ; 

10 Calculated from: total nitrogen — ammoniacal nitrogen. 


1 PuBLic Roaps, vol. 27, No. 12, p. 268, 1954. 

2 Jour. ALCA, vol. 51, No. 7, p. 353, 1956. 

3’ TAPPI, T629-m53; methoxy] divided by 0.128. 

4 Anthrone method; Morris, Science, vol. 107, 1948, p. 254-5. 

5 Somogyi iodometric volumetric method, Jour. Biol. Chem., vol. 160, No. 1, 1945, p. 61. 
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Table 5.—Classification and probable composition of retarders, percent of constituent on dry solids basis 4 

















1 Based on results shown in tables 1-4. 
2 Based on weight of sample as received. 


_3 Approximate value obtained by the following empirical calculations: Methoxyl/0.128= 
lignin (TAPPI, T 629 m-53); lignin X1.154=lignosulfonic acid (TAPPI, T 629 m-53); ligno- 
sulfonic acid+cation equivalent of SO; in lignosulfonic acid=lignosulfonate salt. 


4 Calculated as glucose. 
5 Total carbohydrates—reducing sugars. 
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7 Estimated by difference. 


8 Derived from Kraft process. | 
The empirical calculation gave unreasonably large values because t 


§ Maximum possible. 
of high methoxyl contents. 


6 May include such wood sugars as mannose, glucose, xylose, galactose, arabinose and 


fructose. 
Ultraviolet Spectral Analysis 


Each material was analyzed by ultraviolet 
spectroscopy to determine if it could be 
identified or characterized by its ultraviolet 
absorption spectrum. The apparatus used for 
ultraviolet work included a double beam 
quartz spectrophotometer, an _ ultraviolet 
power supply unit, and a hydrogen discharge 
lamp as a light source. Measurements were 











made in 1 cm. matched silica rectangular 
cells. 


Procedure for lignosulfonates 


Special buffer —495 ml. of 0.2 N KH,PO, 
and 113 ml. of 0.1 N NaOH were mixed and 
diluted to 2 liters. 

Sample preparation.—0.5 g. of solid sample 
or exactly 1 ml. of liquid sample was dissolved 
Insoluble 


and diluted with water to 100 ml. 








10 Established as sucrose by infrared spectral analysis. 
11 Probably alkyl aryl sulfonate salt. 
12 Calculated from total nitrogen content. 








material was removed by centrifuging. A 10° 
ml. clear aliquot was diluted to 100 ml., and > 
finally a 1 ml. aliquot of the latter was diluted 
to exactly 10 ml. with the buffer solution. | 
Final concentration was 0.005 percent by | 
weight or 0.01 percent by volume in the case — 
of the liquid samples, 

Measurements.—Absorbance for each mate- — 
rial was measured at intervals between 220 and | 
350 millimicrons in 1 em. cells. Readings | 
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Figure 2.—Typical ultraviolet 
spectra of lignosulfonates. 
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Figure 3.—Ultraviolet spectrum of 
lignosulfonate from Kraft process. 
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were made at wavelength intervals of 5 to 10 
millimicrons, except where peaks appeared 
near 260 and 280 millimicrons. In these areas, 
readings were obtained at 0.5 to 1.0 milli- 
micron intervals. The sensitivity of the 
instrument was adjusted so as to maintain 
the smallest slit openings. The lamp housing 
was cooled with circulating tap water. 

Plotting—The absorbance readings were 
plotted against wavelength and the resultant 
spectral curve was then drawn manually. 
Absorbance is defined as logio I.,/I, where I, 
equals incident radiant power, and I equals 
transmitted radiant power. 


_ Results of tests on lignosulfonates 


Figure 2 shows examples of typical ultra- 


violet spectra obtained on several lignosulfo- 


derived from the Kraft process. 


/ peak occurred at 280 millimicrons. 


nate retarders. The shape of each curve was 


_ typical of all the other lignosulfonate retarders 


except one, retarder No. 22, which had been 
The spec- 
trum of sample No. 22, shown separately in 
figure 3, indicated a shoulder rather than a 
It thus 
appeared that lignosulfonates as a class could 


be identified from their characteristic ultra- 


violet spectra. In addition, the height of the 


peak (absorbance) at 280 millimicrons could 


be utilized for quantitative information. 
Figure 4 shows that lignosulfonate concentra- 
tion and absorbance values have a linear 
relationship in accord with Beer’s law. These 


tests confirm previous reports that lignosul- 


fonates may be analyzed quantitatively as 
well as qualitatively by ultraviolet spectro- 
photometry (9). 

Table 6 gives the ultraviolet spectral data 
for all the lignosulfonate retarders tested. It 
can be seen from this table that the peaks for 
each material occurred within a narrow 


_ wavelength range. 


Results on the other chemical types 


None of the other types of retarders studied 
had a significant ultraviolet spectrum that 
was characteristic of the active constituent. 
Retarder No. 1 did have a characteristic 
spectrum which was produced by a minor 
constituent, phenol. Generally, however, ul- 
traviolet spectral analysis was not found 
suitable for identifying organic hydroxy- 
carboxylic acids or carbohydrates. 


Investigation of Visible Spectra 


The double beam quartz spectrophotometer 
with a tungsten lamp as a light source was 
used to investigate the visible spectra of the 
materials other than lignosulfonates. The 
spectral patterns obtained are shown in figure 
5. Each spectrum is not sufficiently unique 
to differentiate between different retarder 
types or specific retarders. It was found that 
phenol, sucrose, and even triethanolamine 
gave spectra similar to those shown in figure 5 
and, consequently, this approach was also 
not suitable for identifying retarders. 


Infrared Spectra 


Infrared spectral curves were obtained for 
each material by means of a double-beam 
spectrophotometer. The equipment used in- 
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Figure 4.—Relation between concentration and absorbance for lignosulfonate retarder. 


cluded a Perkin-Elmer double-beam Infrared 
Spectrophotometer, Model 137 (Infracord), 
with automatic recording and a sodium chloride 
prism for operation between 2.5 and 15 microns. 
Scanning time was approximately 12 minutes. 
An evacuable die was used to prepare samples 
by the potassium bromide disk technique. 


Procedure 


The pressed disk technique was considered 
most suitable for the retarders studied because 
of the relative insolubility of these materials 
in appropriate organic solvents used in solu- 
tion techniques. The mull method was dis- 
carded because of the effects of the mulling 
agent and the limited quantitative application 
of this method. 

In the pressed disk method, solid samples 
were ground to a fine powder with mortar 
and pestle and then vacuum dried at 50° C. 
for at least 24 hours. Liquid samples were 
evaporated to dryness at a low temperature, 
ground, and dried under the same conditions. 
Approximately 1 mg. of sample and 0.35 g. of 


potassium bromide (anhydrous spectroscopic 
grade, 200/325 mesh) were weighed into a 
special stainless steel capsule. Two stainless 
steel balls were added and the contents mixed 
for 30 seconds by an electric amalgamator. 
The powder was transferred to the evacu- 
able die (shown disassembled in figure 6), and 
the assembly was evacuated to an absolute 
pressure of less than | cm. of mercury. Vac- 
uum was maintained for 5 minutes prior to 
pressing as well as during pressing. A 1,000- 
pound load was applied for 1-2 minutes 
followed by a 20,000 pound load for 3-5 
minutes. The potassium bromide disk was 
then removed and analyzed in the infrared 
spectrophotometer. The disk 


millimeters in diameter and was approximately 


measured 13 


one millimeter thick and is shown in figure 7. 

A few of the dried retarder samples were 
tacky or viscous. ‘These were slurried with 
alcohol, mixed with potassium bromide, vac- 
uum dried, and then reground and pressed 
into disks. 


Table 6.—Ultraviolet spectral data for lignosulfonate retarders 


























1In 0.2N KH2P04-0.1N NaOH buffer solution. 
21cm. cell. 

3 Derived from the Kraft process. 

4 Retarder No. 22 not included. 


Spectral peaks 2 Relative concentration 
of lignosulfonate, 
percent by weight? 

Final con- Maximum Minimum 
Retarder No, centration! 
(percent) 
Wavelength Wavelength Based on Based on 
(milli- Absorbance (milli- Absorbance original dry solids 
microns) microns) material 
Pea Pome Se Pes eae 0. 05 281.0 0. 151 260. 5 0. 121 2.0 2.0 
Oo ee ee Sk Se wees S . 005 278.0 . 457 262. 5 . 396 60. 9 65. 3 
aS Se a Ae ee ae . 005 280. 5 . 589 259. 5 . 481 78.5 82. 2 
i) ae 2,3 . 005 280. 0 . 582 260. 0 . 419 77.6 81.8 
J eee Se eae ae ae te . 005 283. 0 . 362 260. 0 . 225 48.3 51.5 
i ees res ge Sm Be a . 005 280. 0 . 474 261.0 . 395 63. 2 66. 1 
13S ee ee . 005 279.0 . 328 262. 0 . 292 43.7 47.9 
i ee ey . 005 282. 0 . 438 261. 0 . 298 58. 4 62, 4 
1 ee ee Se . 905 278.0 . 442 262. 0 . 390 58.9 63. 6 
————— Settee . 005 281.5 . 408 260. 5 . 281 54. 4 57.4 
Wiehe Soe tes es . 005 280. 5 . 602 260. 0 . 359 66.9 72, 4 
182 eo See eee . 005 281.0 - 393 260. 5 272 52.4 56. 5 
{| OSes Sete pie . 005 280. 0 400 260. 0 . 278 63.3 56. 3 
20 Meee eee ee 5.01 279. 0 Roos 262. 5 . 284 19.1 61.6 
Dk ee Bee EE 5.01 280. 0 290 260. 5 . 248 16.8 56. 6 
VP i ete, as En . 005 8 276, 0 . 618 8 267.5 611 82. 4 90. 1 
ye Oe eae ae SN . 005 280. 0 . 460 260. 5 . 384 61.3 66. 1 
Ane eee, Ce Aes tS . 005 284. 0 . 381 262. 5 . 297 50. 8 52.9 
Dh ae Seer eases SY . 005 281.5 441 261. 0 . 308 58.8 62.9 
Medians 4222c- 5-22.) 2222-2 28008 welll eceesee=a= 260). Digea|| ( eee ceece || pameoneen eros sous 














5 Percentage by volume (original material was liquid). 
6 No sharp maximum and minimum, but rather a shoulder. 
7 Calculated from absorbance at maximum peak. Relative 


to retarder No. 2 which was assumed to be 2 percent. 
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Figure 5.—Visible spectra of retarders containing organic acids or carbohydrates. 


Results of infrared analyses 


Figures 8 through 12 illustrate typical infra- 
red spectra of the different retarders. Hach 
retarder gave a characteristic spectrum which 
could be used both to identify the material 
and establish the concentration of major active 
constituents. In general, lignosulfonate re- 
tarders had the same characteristic spectra 
regardless of the type of salt (i.e., sodium, 
calcium, or ammonium). Nevertheless, cer- 
tain lignosulfonates containing carbonates or 
other major modifiers, as well as a lignosulfo- 
nate derived from the Kraft process, could be 
easily distinguished by their unique spectra. 

Figure 8 shows the type of spectra obtained 
for the lignosulfonate type retarders. The 
top spectrum (A), retarder No. 12, illustrates 
the typical spectrum of lignosulfonates derived 
from the sulfite liquor or acid process. The 
characteristic peaks at different wavelengths 
in the lignosulfonate spectrum are produced 
by the following chemical groupings present: 








Fi 
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1. Intense peaks at 2.9 and 9.6 microns: 
hydroxyl (OH) groups. 

2. Moderate peak at 3.4 microns: usual 
carbon-hydrogen stretching bonds. 

3. Strong peaks at 6.25 and 6.62 microns: 
carbon-carbon bonds (pheny] ring). 

4, Weak peaks at 6.9 and 7.3 microns: 
probably sulfur-oxygen bond (sulfone group). 

5. Broad band at approximately 8.3 mi- 
crons: sulfonate group. 

Spectrum B, figure 8, is the curve for ligno- 
sulfonate retarder No. 13. The presence of 
substantial amounts of sodium carbonate pro- 
duced strong bands which masked part of 
the characteristic lignosulfonate spectra. The 
broad peaks at 7.0 and 11.3 are characteristic 
of the sodium carbonate present (see figure 
9A which illustrates the infrared pattern of 
sodium carbonate). If desired, the sodium 


carbonate interference may be removed by 
neutralization with hydrochloric acid, followed 
by an alcohol extraction of the sodium chlo- 


gure 6.—Evacuable die disassembled. 





Figure 7.—Potassium bromide disk and disk 
holder. 


ride thus formed. The lignosulfonate is insol- 
uble in alcohol and should then give a good 
characteristic spectrum. 

Curve C in figure 8 represents a lignosulfo- 
nate (No. 22) obtained from the Kraft process 
for making paper. Although the curve shows 
the major peaks of a typical lignosulfonate, 
several additional characteristics help iden- 
tify this material. For instance, at 8.3 mi- 
crons (sulfonate group) absorption was at a 
greater intensity, and at 8.8 and 10.2 microns 
peaks were produced, probably by inorganic 
sulfate. Another characterization of this. 
material was-the weak absorption peak at 
12.7 microns. 

The last two spectra, D and BH, in figure 
8 are of the same sample (No. 2), which 
contained a lignosulfonate. Curve D was 
obtained on the original sample, and it is 
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Figure 8.—Typical infrared spectra of ligno- 
sulfonate retarders. 
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apparent that it does not clearly show the 
characteristic lignosulfonate pattern. This 
was caused by the presence of a large quan- 
tity of dolomitic limestone which produced an 
intense spectrum of its own. When this con- 
stituent was removed by centrifuging an aque- 
ous suspension, the characteristic spectrum 
of lignosulfonate was evident as shown in 
eurve E. Spectrum D is useful in that it 
supplied ample evidence of the presence of 
dolomitiec limestone in the original material. 
The peak at 14 microns was unique for cal- 
cium carbonate (limestone), while the smaller 
peak at 13.7 microns was unique for dolo- 
mite. From the relative intensities of these 
two peaks it was estimated that the ratio of 
dolomite to limestone was approximately 1:4. 

Figure 9 shows the spectra obtained on 
several carbonate materials, namely, sodium 
carbonate, calcium carbonate, and dolomite. 
Spectra B and C illustrate the characteristic 
peaks for limestone and dolomite discussed 
above. 

Figure 10 illustrates the unique infrared 
patterns which may be used to identify differ- 
ent hydroxy-carboxylic acid salts. It is quite 
apparent that these curves are distinctly dif- 
ferent from the lignosulfonate pattern as well 
as from each other. Spectrum A (retarder 
No. 8) shows the masking effect of a large 
amount of siliceous matter and iron oxide 
present in the material. To eliminate this 
interference, an aqueous suspension of the 
retarder was centrifuged to remove insoluble 
siliceous material and iron oxide. The re- 
maining material then gave a distinctive infra- 


red pattern of organic material as seen in 
spectrum B. The following chemical groups 
accounted for the more significant peaks in 
spectrum B: (1) Hydroxyl—intense peak at 
3.1 microns; (2) carbon-hydrogen stretching— 
minor peak at 3.4 microns; (3) carboxyl and 
carboxyl salt—intense peaks at 6.3, 9.1, and 
9.6 microns; and (4) overtones of the carbon- 
hydrogen linkages accounted for the other 
peaks from 7.3 to 8.3 microns. 

The spectrum of a triethanolamine salt of 
a hydroxy-carboxylic acid is shown in spec- 
trum C, figure 10. Although the major peaks 
of hydroxyl, carbon-hydrogen, and carboxylic 
groups were evident, this spectrum had suf- 
ficiently unique features to clearly identify the 
retarder. For instance, there was a prominent 
peak at 10.9 microns, probably caused by a 
carbon-nitrogen bond, and the usual hydroxyl 
peak at 3.0 microns was accentuated by the 
presence of nitrogen-hydrogen groups in this 
material. 

Figure 11 shows the spectra of still another 
organic acid retarder (No. 6). Curve A shows 
the spectrum of the original material, whereas 
Curve B was obtained after zinc and borates 
were removed. Zine was removed by two 
batchwise treatments with a cation exchange 
resin, 200-400 mesh hydrogen-form (Amber- 
lite [R-120 or Dowex—50) followed by vacuum 
distillation with methyl alcohol to remove 
the boron as volatile methyl borate (10). 
Spectrum B shows many of the usual peaks of a 
hydroxy-carboxylic acid, and is sufficiently 
distinctive to be used to identify this material. 
The prominent peak at 5.6 microns was un- 








doubtedly caused by a lactone formation. 
Spectrum C in the same figure is that of a tech- 
nical grade of gluconic acid which showed a 
striking resemblance to sample No. 6 (spec- 
trum B). 

The infrared spectrum of the carbohydrate 
retarder is illustrated in figure 12. Spectrum A 
(retarder No. 1) presents a pattern that was 
quite unique and therefore useful for identifi- 
cation. A comparison of this spectrum with 
the spectrum of sucrose or cane sugar (curve 
B) clearly demonstrates that retarder No. 1 
is essentially sucrose. 

Although no effort was made in this report 
to use the infrared spectra for quantitative 
analysis of the materials, such techniques 
could be easily applied. For solid samples, 
such as potassium bromide pellets, the base- 
line technique is most appropriate and has 
been well described. Generally, this technique 
involves the measurement of the depth of a 
single significant peak, compared to a reference 
base line. 


Uniformity of trade products 


The ability of infrared analysis to “‘finger- 
print’ or measure the uniformity of different 
batches of specific proprietory products is 
illustrated by figures 13 and 14. Figure 13 
shows the spectra of four different lots of a 
solid lignosulfonate retarder sold under one 
trade name. Each material had been obtained 
from a supplier by different State highway de- 
partments at different times ranging from 1954 
(fig. 138A) to 1958 (fig. 13D). The general 
shape of the spectra are the same, with'signifi- 
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Figure 9.—Infrared spectra of related inorganic carbonates. 
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Figure 10.—Infrared spectra of organic acid retarders. 
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cant peaks occurring at the same wavelengths 
in each lot This definitely established that in 
each case the materials were chemically the 
same. By analyzing the peak intensities at 
selected wavelengths and knowing the concen- 
tration of sample used in the infrared analysis, 
any material differences in composition of the 
retarder from batch-to-batch could be demon- 
strated. Here, the compositions were shown 
to be fairly uniform, thus establishing that no 
material alteration or differences existed be- 
tween the lots submitted. 

Figure 14 shows the spectra for an organic 
acid retarder, specifically, a hydroxy-carbox- 
ylic acid salt in liquid form. Here again, each 
sample was obtained under the same trade 
name by different State highway departments 
at different times ranging from 1956 (fig. 14A) 
to 1958 (fig. 14D). The “fingerprinting” abil- 
ity of infrared analysis once again determined 
the nature and concentration of the ingredi- 
ents. The uniformity of the spectra shows 
that each lot was substantially the same, 


Comparison of Methods of Analyses 


Since the major objective of this study was 
to develop procedures by which the com- 
position of commercial retarders could be 
readily identified and determined so as to 
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Figure 11 (to the left).—Infrared spectra 
of complexed organic acid retarder and 
gluconic acid. 


provide a basis for obtaining the necessary 
assurance that the composition would be 
uniform from batch-to-batch, it is note- 
worthy to compare the various methods of 
analyses. 

Infrared spectral analyses offers the most 
promising and rapid means of clearly identi- 
fying and classifying retarder materials. 
This technique, by obtaining recorded spectral 
curves, “fingerprints”? the unique and dis- 
tinctive characteristics for each retarder. 
Thus, carbohydrates and organic hydroxy- | 
carboxylic acids were easily identified due to 
their distinctive spectral patterns. Ligno- 
sulfonates likewise had unique characteristics 
which made identification easy, regardless of 
the type or salt present or the source of 
supply. Further, spectral difference caused 
by the manufacturing process or the presence 
of other ingredients aided in the identification 
and determination. 

Infrared analyses can also be used to 
assure the purchaser that the nature and 
concentration of each lot of retarder for 
specific field projects has not been materially 
altered from that of the original material. 
The time required for the analysis is only 20 
to 380 minutes as compared to a week or more 
by conventional methods of chemical analysis. 

Ultraviolet techniques were also found to 
be of value in identifying lignosulfonates and 
in establishing the concentration of the major 
active ingredient. However, specific com- 
mercial lignosulfonates were not as easily 
differentiated by ultraviolet spectra as com- 
pared to their infrared spectra. Ultraviolet 
as well as visible spectral analyses were not 
found suitable for identifying other types of 
retarders. 
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Figure 12.—Infrared spectra of carbohydrate retarder and sucrose. 


February 1961 e PUBLIC ROADS 



































TRANSMITTANCE - PERCENT 





TRANSMITTANCE - PERCENT 
































TRANSMITTANCE - PERCENT 


100 





TRANSMITTANCE - PERCENT 





80 


60 




















40 


20 








TRANSMITTANCE - PERCENT 








TRANSMITTANCE -PERCENT 



































TRANSMITTANCE - PERCENT 




















TRANSMITTANCE - PERCENT 























3 4 5 6 7 8 9 10 VI 12 | 3 14 15 
_ WAVELENGTH — MICRONS 


Figure 13.—Infrared spectra of four different lots of a lignosulfonate 


retarder obtained from one manufacturer.. 
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Figure 14.—Infrared spectra of four different lots of an organic 
acid retarder obtained from one manufacturer. 





The determination of the quantitative 
amounts of inorganic constituents can be 
most conveniently and precisely determined 
by conventional chemical methods. How- 
ever, while useful, the conventional procedures 
were tedious and time-consuming, and often 
yielded empirical or doubtful results for 
certain organic constituents. This was found 
to be particularly true among the lignosul- 
fonate and organic acid retarders. 
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Water-Reducing Retarders for Concrete— 


Physical Tests 


BY THE DIVISION OF PHYSICAL RESEARCH 


BUREAU OF PUBLIC ROADS 


HE USE OF CHEMICALS for delaying 

the initial setting time of portland cement 
concrete is not new. The effects of sugar and 
other retarders on concrete have been known 
for many years. In 1945, it was reported that 
a retardant admixture had been used during 
1942 to 1945 in lightweight concrete for the 
construction of concrete ships (1)?. The ad- 
mixture was used in non-air entrained concrete 
to reduce the amount of mixing water, or to 
increase slump and to prevent the early 
stiffening and formation of ‘‘cold joints.” 

Since that time there have been many 
articles written discussing the use of retardants 
in concrete for prestressed beams or piles and 
bridge structures and relating valuable test 
data (2, 3). . 

Several Federal agencies have been using 
temporary or interim specifications for re- 
tarders. The Bureau of Reclamation sug- 
gested a specification in 1954 and the Bureau 
of Public Roads proposed a specification for 
certain local usage in 1956 which was revised in 
1958, These specifications were based mainly 
on field experiences with retarders from two 
manufacturers, and on a limited amount of 
laboratory test data. The need for a specifica- 
tion for commercially available retarders has 
become greater since the possible benefits of 
retarders have been recognized more fully. 


Concrete Materials Used 


The classification of the 25 retarders tested 
and their general properties are shown in 
table 1. The information supplied by the 
marketer and tests by the Bureau were the 
bases for the classification. 

A blend of equal parts by weight of four 
brands of type I cement was used for all 
concretes in this investigation. The chemical 
composition and physical properties of each 
brand and of the blend are shown in table 2. 
About 32 bags (one lot) of each of the four 
cements were stored in sealed 55-gallon steel 
drums until used, and three lots of each of the 
four cements were used altogether during the 
investigation. 

The air entraining admixture used was an 
aqueous solution of neutralized Vinsol resin. 
The solution contained 15 percent of solids 


1 Presented at the 40th Annual Meeting of the Highway 
Research Board, Washington, D.C., January 1961. 

2 Italie numbers in parentheses refer to a list of references 
on page 154, 
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Reported! by 


WILLIAM E. GRIEB, GEORGE WERNER, and 


when calculated as a residue dried at 105° C., 
and the ratio of sodium hydroxide to Vinsol 
resin was | to 6.4 parts by weight. 

A natural siliceous sand having a fineness 
modulus of 2.90, a specific gravity (bulk dry) 
of 2.65, and an absorption of 0.4 percent, and 
a crushed limestone of 1l-inch maximum size, 
having a specific gravity (bulk dry) of 2.75 
and an absorption of 0.4 percent, were used 
as aggregates. When the aggregates for a 
batch of concrete were weighed, the sand con- 
tained free water but the stone was weighed 
in a saturated surface-dry condition. 

Three mixes of air-entrained concrete with 
air contents of 5 to 6 percent and a slump of 
2 to 3 inches were used in the study. Mix 
No. 1, the reference mix without retarder, and 
mix No. 2, a test mix with retarder, had 


DONALD O. WOOLF, 
Highway Research Engineers 


cement contents of 6 bags per cubic yard of 
concrete. Mix No. 3, also a test mix with 
retarder, had cement contents which varied 
from 5.25 to 5.75 bags per cubic yard and the 
water-cement ratio was approximately the 
same as that of the reference mix (No. 1). 
The water content of mix No. 2 was reduced 
below that of the reference mix but sufficient 
aggregates were added to compensate for the 
reduced volume. A summary of the mix pro- 
portions is given in table 3. 

A sufficient amount of retarder was used in 
the tests of mix No. 2 at 73° F. to cause a delay 
in setting time of 2% to 3 hours beyond the 
setting time of the reference mix. The correct 
amount of each retarder for the desired re- 
tardation was predetermined by trial mixes. 
The same amount of retarder, in ounces per 


Table 1.—Properties of retarders 





























Amount of retarder Retarder constituents 2 
Type of retarder Retarder Physical state Recom- Volatile 
No. mended by Used ! Dry organic 
| manufac- solids 3 material 4 
turer 
Lignosulfonates: Oz./bag O2z./bag Oz./bag Oz./bag 
| 7 Powders se 2) Soe 3.5 33.03 3.3 
TE OTE Sesh See AN Gs | ie Cfo ete ee 3.8 322 3.0 3.0 
ASA ae ee G02 eal) ee eee 3.2 3.0 2.9 
15 Powders ae 3.8 7.5 4.0 oh ii 2.8 
Sodium salts____ . ze 7 oS in Se a ae aan | ae fe é ae 
235 || see do... 3.8 6.4 5.9 3.9 
82 ROWGereee eee | 8.0 14. 4 14.3 . 40 
Ome oe oe do_.- ) 308= 92.5 4.0 ah 7 3.4 
Se ee dozsseees 4.0 4.8 4.5 3.2 
) bes ae Saas GO e252 eels eae ee 4.0 3.8 3.0 
’ 13 | eee G02. eee 4.5- 7.5 4.8 4.4 2.3 
Caleinimssa}(s sa ee ebay eae dos 3-4 5.0 4.7 4.0 
16S eR oes doles= 2 4.0 4.8 4.5 3.8 
fey Sy ee Gomes - 4.0- 5.0 4.0 Soil 3.4 
20 iquids= === 9.0 9.0 3. 220 
2 | ee do eee 9.0 9.0 aH 2.5 
£24 Ow Geraeaaeae 12.0 9.6 9.2 isis 
; E05 | ee COs eee 3-4 4.0 3.7 3.1 
Organic acids: 
4 higuid=-.=aae 2.0- 4.0 3.0 12 . 88 
NEeCaLISAltS= eee eee a5e 8 ROwderseee=aee 8. 0-16. 0 12.0 11.9 132 
Ng Riqnidees.ssse | 2.0— 4.0 2.8 teal 77 
Triethanolamine salt___.________-- 5 ibilequnyol | Pag ee Ea) 4.0 Dad ze il 
Zine borate complex_-__.-________- Chee eae es 6 Coens See SD) 4.0 en 91 
Carbohydrates: Sucrose____-_-.-___ 5] igid ee ees | ~1.0= 4.0 beat .4 .43 
a ee ee ee a | 


1 Amount of retarder necessary to retard set of concrete from 214 to 3 hours as determined by Proctor penetration test at 


500 p.s.i. 
2 Additional chemical constituents reported in footnotes. 
3 Determined by drying at 110° C. 
4 Determined by ignition. 
5 Over 10 percent carbohydrate. 
§ Over 5 percent reducing sugar. 
7 Derived from Kraft process. 
8 Contained less than & percent calcium lignosulfonate. 
® Contained calcium chloride. 
10 Contained foaming agent. 


1! Contained less than 10 percent of active organic constituent. 


Remainder is iron oxide and siliceous material. 
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Table 2.—Chemical composition and physical properties of portland cement 


Determination 1 


Cement A 


Cement B Blend 2 


| 
Cement C | Cement D 





Chemical composition (percent): 
Silicon dioxide___-_- 
Aluminum oxide 
Ferric oxide___ ee ee 
Calcliin’ Oxides = ae eek ee es 
Magnesium oxide__-..------------- 

BU fire GrlOxX1 Gs on eee ee ee eee 


Loss on ignition. __---- 
Sodium oxide ane 
IO LASSIUIID): O30 Opes ee ee se I a eae 
Bquivalent alkalies'as INasO- 222. == =e eee et 
Chloroform-soluble organic substances------------- 
Free lime 
Computed compound composition (percent): 
Pinica lenin GhiCa LO cies sees a aes oe ee 
Dicalcium silicate 
Tricalcium aluminate 
Tetracalcium aluminoferrite 
@alotiimimsuliates: Sea se oe a 
Merriman sugar test: 
Neutral point, ml 
Clear point, ml 
Physical properties: 
ACT DATEL tSDOCIIC OTA Val Ys este ee ee 
Specific surface (permeability), em.?/g___ 
Autoclave expansion, percent_.------------------- 
Normal consistency, percent__-------------------- 
Time of setting (Gillmore test): 
Initial, hours 
Pina snore a6 2c 5 we ae 2 ees ae eee 
Compressive strength: 
AUIS AUS ND Gc eee eee ee ee ee ee 
A TGS YS; Dis aL 2 ee ee Ee 
At 28 days, p.s.i_ 
Tensile strength: 
PAUEIS (GAY St, Ds Sel eee ee ed eee ee ee 
At 7 days, p.s.i 
NOS a Si Disa seen toes Senet eee 
Mortar air content, percent 








to 


NwRNos 
S to 


Hrawoas 
“IN Kw 


Oo 
to 


oz) w 
He hone 


_ 
= 


2, 030 
3, 225 
5, 585 


2, 490 
3, 840 
5, 285 


300 315 

365 400 

475 480 
7.5 : | &. 6 














1 All determinations except the Merriman sugar test were made in accordance with current AASHO methods for 


portland cement. 


2 Tests made on blend of equal parts by weight of all four cements. 


bag of cement, was used in mix No. 3. Addi- 
tional tests of some retarders were made using 
four times the amount of the retarder used in 
mixes Nos. 2 and 3. 


Fabrication, and Curing of 
Specimens 


Mixing, 


Mixing was done in an open-pan type Lan- 
caster mixer with a rated capacity of 134 cubic 
feet. Most batches were from 1! to 2 cubic 
feet in volume. The mixing cycle was as 
follows: The blend of four cements and the 
moist fine aggregate were mixed for 30 seconds; 
water was added and the mortar was mixed 
for 1 minute. After the addition of the coarse 
ageregate the concrete was mixed for 2 
minutes. Following a rest period of 2 min- 
utes, the concrete was mixed for 1 more 
minute. This 2-minute rest period and the 
additional minute of mixing is standard labora- 
tory procedure for the Bureau of Public Roads. 

Retarder in powder form was added with 
the cement and sand, but a liquid retardant 
admixture was added with part of the mixing 
water. Vinsol resin solution was added with 
part of the mixing water, but was not mixed 
with the liquid retarder until each was placed 
in the mixer. 

Consideration was given to adding the solu- 
ble powdered admixtures in an aqueous solu- 
tion. Although the soluble powders could 
have been prepared in a stock solution or 
suspension, it was believed that during the 
period of months required for the program, 
evaporation or chemical changes of the solu- 
tion of the retarder due to exposure to light 
might result. An attempt was made to dis- 
solve in water the weighed amount of lignosul- 
fonate powder required for a single batch of 
concrete but difficulty was experienced with 
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some powders in obtaining a uniform solution 
or suspension. Therefore, the procedure of 
adding the powdered admixture with the 
cement and wet sand was used. It was be- 
heved that a uniform distribution of the 
powdered admixture in the concrete was 
obtained. 

A control or reference mix (No. 1) was made 
on each mixing day together with the retarder 
mixes (Nos. 2 and 3). Due to time and mold 
limitations only one control mix and two 
retarder test mixes were made on each mixing 
day for each of three to five different retarders. 
Two rounds of specimens for retardation tests 
and five rounds for strength tests were made 
but each round did not necessarily include the 
same retarders as in the preceding round. 

Concrete used for slump and unit weight 
tests was returned to the mixer and remixed 
for 15 seconds before molding specimens for 
strength tests. Concrete used in the air meter 
was discarded. Specimens made at standard 
conditions were mixed and molded in a tem- 


perature of 73° F. 
humidity. 

Specimens for strength or durability tests 
were 6- by 12-inch cylinders and 6- by 6- by 
21-inch or 3- by 4- by 16-inch beams. These 
were molded (except for vibrated specimens) 
in accordance with standard AASHO methods. 
Specimens for strength tests were removed 
from the steel molds at 20 to 24 hours. Small 
beams for volume change and freezing and 
thawing were removed from the steel molds 
at 44 to 48 hours. 

For a study of delayed vibration, 6- by 12- 
inch cylinders and 6- by 6- by 21-inch beams 
were molded by the standard procedure and 
later vibrated for 30 seconds using an internal 
spud vibrator of 1%-inch diameter with a 
frequency of 7,000 impulses per minute. 

The original program required that the 
specimens be vibrated when the screened 
mortar showed a Proctor penetration ? load 
of 500 p.s.i., which was approximately 5 
hours after mixing for unretarded concrete 
and 74 to 8 hours for the retarded concretes. 
However, the prescribed time intervals 
proved too long as the mixes became too 
stiff for vibration. Therefore, the time 
intervals were reduced to 3 hours after mixing 
for the nonretarded concrete and 5% hours for 
the retarded concrete. A small amount of 
concrete was removed from each specimen 
just prior to vibration and it was replaced as 
the vibration was completed. No additional 
concrete was added to compensate for the 
decrease in volume. 

All specimens for standard strength tests 
were cured under wet burlap while in the 
molds in the mixing room. After removal 
from the molds they were cured in moist air 
at 73° F. and 100 percent relative humidity 
until they were tested. Small beams for 
volume change and freezing and thawing 
were cured in the molds for 44 to 48 hours 
under wet burlap in the moist room. 
third of the beams for volume change was cured 
continuously in the moist room, one-third 
were removed from the moist room at 2 days 
and stored in laboratory air at 73° F. and 
50 percent relative humidity, and one-third 
were cured 14 days in the moist room and 


and 50 percent relative 


One- 


3A method of testing for rate of hardening of mortars 
sieved from concrete mixtures by Proctor penetration 
resistance needles in accordance with ASTM Method 
C 403-57 T. This method is referred to as the Proctor 
penetration method. 


Table 3.—Summary of concrete mix proportions 





Properties of concrete 


Mix: 
Wemoent, pound shese == See ee ee ene 
Sands DOUn dss st sea ee ee ee 
ASTTMOSEOTIO, VO UIT CLS es = eae ae ee ee eee 


@ementabses pencubic yar dae es eae ee 
Wiaterscallonsin erate: = seco ote een eee eee 
Water-cement ratio, by volume_____------------------- 
plump inches passer eee; | Se eee oe pe ee 
PAT DeLCON batene tesa a os sae ee ee eee 
FROLALA Gre AMOUNT USC. 5 meee ae tee eee oe a Soe oe 





1 Mix No. 2 had same cement content as Mix No. 1. 


2 Mix No. 3 had same water-cement ratio (40.2 gal/bag) as Mix No. 1. 
per cubic yard for retarders that reduced water for Mix No. 2 by up to 5 percent. 
bag per cubic yard for retarders that reduced water for Mix No. 2 by 5 to 10 percent. 


Mix No. 1 |Mix No. 21! 


Mix No. 32 





Group A Group B Group C 














Group A—cement content reduced 0.25 bag 
Group B—cement content reduced 0.50 
Group C—cement content reduced 


0.75 bag per cubic yard for retarders that reduced water for Mix No. 2 by 10 percent or more. 


3 To give 214 to 3 hours retardation. 
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then stored in laboratory air. Beams for 
freezing and thawing, after removal from the 
molds at 44 to 48 hours, were cured in the 
moist room for 12 more days, then cured in 
laboratory air at 73° F. and 50 percent 
relative humidity for 7 days and then were 
completely immersed in water for 7 days 
prior to freezing. 

When strength specimens were made under 
nonstandard atmospheric conditions, the lab- 
oratory air temperature was 90° F. and the 
relative humidity was 20 to 25 percent. All 
materials were at 90° F. when used. After 
20 to 24 hours curing under wet burlap at 
this temperature, the specimens were removed 
from the molds and stored in the moist room 
at 73° F. and 100 percent relative humidity 
until tested. 


Testing Procedures 


Tests on the plastic concrete for slump, 
unit weight, and air content were made in 
accordance with AASHO standard methods. 
The determination of the air content was 
made with a water-type pressure meter that 
is similar to the meter described in AASHO 
Method T 152. 

Determination of the retardation of the set 
of conerete was made by the Proctor pene- 
tration method and by the bond pin pullout 
method. The Proctor penetration apparatus 
with a hydraulic indicating dial and the pin 
pullout device are shown in figures 1 and 2. 
Both apparatus were constructed by the 
Bureau of Public Roads. 

The mortar for the Proctor penetration 
method was obtained by sieving the plastic 
concrete on a No. 4 sieve. The sieve was 
vibrated and the concrete was moved over 
the sieve by hand or by use of a small trowel. 





4 Measuring the rate of hardening of concrete by bond pullout 
pins, by T. M. Kelly and D. E. Bryant, ASTM Proceed- 
ings, vol. 57, 1957, pp. 1029-1042. This method is referred 
to as the pin pullout method. 


Two 6- by 6-inch watertight steel cylinder 
molds were filled with mortar, and were 
immediately covered with glass plates. Water 
was pipetted from the mortar as it collected 
on the surface. 

Conerete for the pin pullout test was vi- 
brated around the pins in a 6- by 6- by 24-inch 
mold using a laboratory internal vibrator, and 
was screeded on the surface by a steel straight 
edge. The specimens were covered with wet 
burlap which was removed only while a pin 
was pulled from the concrete. No two con- 
secutively pulled pins were adjacent to each 
other. 

Typical curves for retardation of mixes Nos. 
1 and 2 by the Proctor penetration and pin 
pullout methods are shown in figure 3. 

Two series of tests were made to determine 
the temperature rise of concrete prepared with 
retarders. In the first series of tests, 6- by 6- 
inch cardboard cylinder molds were filled with 
sereened mortar from concrete that was mixed 
at 90° F. The specimens were then sealed by a 
glass plate and heavy grease and stored in 
a curing cabinet at 90° F. In the second series, 
6- by 12-inch cardboard cylinder molds were 
filled with concrete made at 73° F., sealed with 
a glass plate and heavy grease, and placed in 
a metal can 11 inches in diameter and 15 
inches in height. Expanded mica was placed 
around all surfaces of the cylinder mold and 
on the glass plate, and the cans were stored in 
laboratory air maintained at a temperature of 
73° F. Each cylinder was molded with a cop- 
per-constantan thermocouple at its symmetri- 
cal center and the temperatures were recorded 
on an eight-point potentiometer. The amount 
of each retarder used was that amount neces- 
sary for 244 to 3 hours retardation at 73° or 
90° F. 

All cylinders for compressive strength tests 
were capped on both ends with high-alumina 
cement after removal from the molds, and at 


least 48 hours prior to testing. All caps were 
within 0.001 inch of planeness. The cylinders 
were loaded at a rate of 35 p.s.i. per second. 

Beams for flexural strength were tested in 
accordance with AASHO method T 97. When 
bearings on beams did not meet the require- 
ments for planeness, they were ground with a 
power driven carborundum wheel. 

Beams measuring 3 by 4 by 16 inches were 
tested for resistance to freezing and thawing in 
accordance with the standard method of fast 
freezing and thawing in water, AASHO 
method T 161. 

Measurements for volume change of 3- by 
4- by 16-inch beams were made on a horizontal 
comparator with a micrometer dial reading to 


0.0001 inch at 1 end and a micrometer barrel — 


reading to 0.0001 inch at the other end. Beams 
were molded with stainless steel studs in the 
ends and stored with the 4-inch axis in a 
vertical position during the curing and drying 
period. 

Tests for static modulus of elasticity were 
made on 6- by 12-inch cylinders at 7 and 28 
days by an autographic stress-strain recorder 
with a 6-inch gage length. These tests were 
paralleled by sonic modulus of elasticity tests 
on 6- by 6- by 21-inch beams which were made 
from the same batch of concrete as the cylin- 
ders. 


Density and absorption tests were made on | 


2 disks, each 1 inch in thickness, which were 
cut from the top, middle, and bottom of the 6- 
by 12-inch concrete cylinders. The cylinders 
were molded from mixes Nos. 1 and 2. The 


disks were cut by a diamond wheel at an age of 


28 days from moist-cured cylinders and were 
weighed in air and under water. They were 


then dried to constant weight in a forced air 


oven at 190-200° F. 
One procedure in the mixing and testing of 
the plastic concrete and the testing of hard- 





{ 
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ened concrete should be emphasized. Every 





Figure 1.—Proctor penetration device. 
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Figure 2.—Pin pullout device. 
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PROCTOR PENETRATION LOAD- P.S.1I. 


test made on plastic or hardened concrete in- 
cluded specimens from mix No. 1, the reference 
mix without retarder. 


Discussion of Test Results 


The test data results are shown in tables 
4-13, and in figures 4-12. The effect of 
retarders on the concrete are discussed in 
terms of the main objectives of the study, 
which were to determine the effect of the 
retarder on: (1) retardation of setting time, 
(2) water content and air-entrainment, (3) 
strength, (4) durability, and (5) volume 
change. Additional tests, such as the effect 
of overdosage of retarders, retardation and 
strength at elevated temperature, modulus 
of elasticity, delayed vibration, density and 
absorption, and temperature rise, are also 
discussed. 


Effect of Admixtures on Time of 
Retardation 


The amount of each retarder and the 
resulting retardation, as measured by the 
Proctor penetration test at 500 p.s.i. or 4,000 
p.s.l. penetration pressure, or by the pin 
pullout test at 8 p.s.i. are shown in table 4. 
Each value is the average of 2 tests that were 
made on 2 days. Retardation is the difference 
in setting time between that for the reference 
mix (No. 1) and that for the concrete with the 
retarder (mix No. 2). Recommendations for 
the amount of retarder to be used were fur- 
nished by the manufacturers of 22 of the 
retarders included in these tests. For 13 
retarders, the amount recommended was 
found to give the desired retardation of 244 to 
3 hours. For two retarders, 80 percent of the 
recommended amount was found to be 
sufficient, and for three other retarders, 120 
to 125 percent of the recommended amount 
was needed. For the other 4 retarders, 150 
to 500 percent of the reeommended amount 
was required to obtain an effective amount of 
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Figure 3.—Typical curve for Proctor penetration and pin pullout tests for retardation time 
on concrete. 


retardation. These 4 were retarders Nos. 2, 
6, 22, and 23. Except for sample No. 6, these 
retarders were lignosulfonates. 

The 500 p.s.i. penetration pressure of the 
Proctor test is believed to indicate the 
initial setting of the mortar used. At the 
initial setting, however, the mortar could still 
be remolded without injury to its strength. 
When determinations were made using a 
penetration pressure of 4,000 p.s.i., a condition 
at or near the final setting of the mortar was 
indicated. Attempts to rework the mortar at 
that time resulted in its disruption. In the 
pin pullout test, no attempt was made to 
define or determine the setting time of the 


concrete. Conducted under defined condi- 
tions, the test was intended to permit com- 
parisons of the rates of hardening of different 
concretes. The comparison of typical retar- 
dation values for the Proctor penetration and 
pin pullout tests, shown in figure 3, indicated 
that a 500 p.s.i. penetration corresponds to a 
pin pullout load of 2% to 234 p.s.i. However, 
the ranges of values shown in figure 4 indicated 
that for the concretes used in these tests, 
the Proctor penetration test with either of the 
loads used appeared to be suitable 
for measuring setting time and retardation 
than the pin pullout test. The wide range of 
values for the pin pullout test and lack of a 
definite central point indicated that the test 
result probably was affected by uncontrolled 
variables to a greater extent than the Proctor 
penetration test. 


more 


Effect of Retarders in Concrete 


Table 5 shows the amount of Vinsol resin 
solution (air entraining agent) used in con- 
eretes for mixes Nos. 2 and 8 for strength 
tests at 73° F. and the resulting water and 
air contents of the conerete. (The retarders 
generally were given their identification 
numbers in ascending order of the reduction in 
water requirements for mix No. 2. The 
exception is retarder No. 12 which is slightly 
out of place in the table.) The detailed data 
for the reference mix (No. 1) are not tabulated 
for results on each retarded conerete mix, but 
the average values for all reference mixes are 
given in a footnotc. The values given in 
table 5 are averages of five rounds of tests. 

The reduction in water content shown for 
mix No, 2 is the difference between the amount 
of water used for mix No. 1 and mix No. 2 
made on the same day. This is shown as a 
percentage of the amount of water used for 


(Continwed on page 142) 


Table 4.—Retardation time for concrete mix No. 2 at 73° F.1 


Amount 
retarder 
used 


Retarder No. 


Proctor penetration 
test, retardation at— 


Pin pull- 
out test, 
retardation 
at 8 p.s.i.4 





500 p.s.it | 4,000 p.s.i.4 
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1 Each value is an average of 2 tests made on different days. 


2 Neutralized vinsol resin solution used when needed. 


3 A load of 500 p.s.i. indicates the vibration limit of the concrete; a load of 4,000 p.s.i. indicates hardened concrete. 


Re- 


tardation is the delay in time of hardening of the concrete containing the retarders as compared with non-retarded concrete 


made on the same day. 


4 Time for nonretarded concrete to reach: Proctor penetration load of 500 p.s.i. is 5 hrs. 10 min. (+20 min.); Proctor pen- 
etration load of 4,000 p.s.i. is 7 hrs. 35 min. (+30 min.); pin pullout load of 8p.s.i. is 6 hrs. 40 min. (+20 min.). 
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Length—feet? Number of towed units? Axle locd—pounds Gross 
Width Height tule . : 
Line Stote ie tt a ee Semi- Full trailer 5 Including 1s Including T Be posers A 
Sica 5om t= araller Srailer andi full fatutcty statutory ITAL statutory ype 
nation qoilee limit enforcement limit enforcement 
| tolerance tolerance | 
50 NP 1 NP NP 18, 000 19, 800 36, 000 39, 600 | Table | 
60 60 1 1 2 18, 000 32, 000 | Table-tire cop. | 
65 1 1 2 18, 000 32,000 Table 
50 1 1 NP 18,000 718, 500 32, 000 32, 500 | Spec. maximum® ai 
65 NR NR NR 18,000 32, 000 | Toble ia 
6 60 1 2 2 18, 000 36, 000 Formula-spec. limits (mii 
7 NP 1 NP NP 22, 400 22, 848 36,000 36, 720 | Spec. lim.-tire cap. 
8 60 1 1 2 20, 000 able-spec. limits! 
9 80 1 1 NP 22, 060 Table 
ud ta 
NP Saat 22,000 44, 000 | Table 
NP 20, 340 36, 000 40, 680 | Spec. maximum! § | 
32, 000 Formula!” 1 
20 32, 000 Table*° | 
32,000 Spec. lim.-tire cap. 
23 19,000 23 32, 000 23 33, 000 | Spec. lim.-tire cap. 
18, 540 32, 960 | Table | 
Table | 
28 18 900 28 33 600 | Spec. lim.-tire cap.29 
32, 000 Axle lim.-tire cap. 
30 32, 000 Table-tire cap. 
40, 000 Formula 
36, 000 Table-spec. limits 
vibes 3432, 000 Axle lim.-tire cap. 
Minnesota 32,000 Table 
Mississippi Table-tire cap. | 
Tal 
26 | Missouri Table | 
7 Montana Table | 
28 | Nebraska 18, 900 32, 000 Table | 
29 | Nevada 18, 900 32,000 Table | 
New H hi 36, 000 Tables-spec. limits | _ 
New etaey > 23, 520 32, aoe as limits 
New Mexi 34, able 
New vot a 36, 000 Formula 
North Careline 19, 000 Spec. limits 
Onis ule roe 
Obie i Table 
37 Table 48 
38 | Pennsylvania 23, 072 37, 080] Spec. limits*® 
39 | Puerto Rico Spec. lim.-tire cap. © 
40 | Rhode Island Spec. limits 
ead coreline Table 
‘ofa Table 
Tennessee Table 
18, 900 Table 
33, 000 Table 












Virginia 
Washington 







































Spec. lim.-tire cap. 
Table 
Table-spec. lim5? 














33, 600 





West Virginia 

Wisconsin 

Wyoming 
|_| AASHO Policy 








Higher 
Number of States Same 





NP—Not permitted. NR—Not restricted. NS—Not specified. 
1 Various exceptions for farm and construction equipment; public utility vehicles; house trailers; urban, suburban, and school 
buses; haulage of agricultural and forest products; at wheels of vehicles; for safety accessories, on designated highways, and as 
administratively authorized. 
2 Various exceptions for utility vehicles and loads, house trailers and mobile homes. 
3 When not specified, limited to number possible in practical combinations within permitted length limits; various exceptions 
for farm tractors, mobile homes,etc. 
* Legally specified or established by administrative regulation. 
5 Computed under the following conditions to permit comparison on a uniform basis between States with different types of 
regulation: 
A. Front axle load of 8,000 pounds. 
B. Maximum practical wheelbase within applicable length limits: 

(1) Minimum front overhang of 3 feet. 

(2) In the case ofa 4-axle truck-tractor semitrailer, rear overhang computed as necessary to distribute the maximum 
possible uniform load on the maximum permitted length of semitrailer to the single drive-axle of the tractor and to the tandem 
axles of the semitrailer, within the permitted load limits of each. 

(3) In the case of a combination having 5 or more axles, minimum possible combined front and rear overhang as- 
sumed to be 5 feet, with maximum practical load on maximum permitted length of semitrailer, subject to control of loading on axle 
groups and on total wheelbase os applicable. 

C. Including statutory enforcement tolerances as applicable. 

° Auto transports 13 feet 6 inches. 

7 Does not apply to combinations of adjacent load-carrying single axles. 

° 56,000 pounds on load-carrying axles, exclusive of steering-axle load. 

°On specific routes in urban or suburban service under special permit from P.U.C. 40 feet, also 3-axle buses with turning 

rodius less than 45 feet without restriction. ; 

10 Effective September 18, 1959 on Interstate, 4-lane, and designated State highways. 
‘1! Buses 102 inches. 
120n designated highways; 12 feet 6 inches on other highways. 
13 Legal limit 60,000 pounds, axle spacing 27 feet or more. 

























Table 
Table- for mula®! 
Table 


Table 
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Formuia 6 
Table 32 
Specified limits 14 





14 Three-axle vehicles 40 feet. 


15 Truck 39.55 feet; bus 45.20 feet. 
16 63,280 pounds maximum, except on roads under Rural Ro} 
17700 (L+40) when L is 18’ of less; 800 (L+40) when L is} 


with span of 20’ or over. 


18 Buses 102 inches on highways of surfaced width at leas 


19 Less than three axles 35 feet. 


20 Special limits for vehicles hauling timber and timber pro 
including livestock; single axle 18,900 pounds, tandem axle 3} 
mitted 66,000 pounds maximum at 21-foot axle spacing, vehicle! 


foot axle spacing. 
210n designated highways; 16,000 
22 Without tandem axles 45,000 pou 
230n designated highways; single 


excesses of weight under one or more limitations of axle load | 
24 Limited to 4 wheel trailer towed by truck not exceeding { 
25Class AA highways; 12 feet 6 inches on other highways 


260n designated highways; trucks 


27Class AA highways; 45 feet on other highways. 


28Class AA highways only. 
29 Maximum gross weight on Class 


3° Including load 14 feet; various exceptions for vehicles t 


31 Effective September 21, 1959. 


32 Subject to axle and tabular limits. 

33 Single axle spaced less than 9 feet from nearest axle lir 
340n designated highways only and limited to one tandem ¢ 
350n designated highways only (by permit in Oregon). 


| 36 Auto transports permitted 50 feet. 


37Semitrailer and semitrailer converted to full trailer by mi! 








pounds on other highwe 
nds. 
axle 22,400 pounds, tan} 


26.5 feet and buses 30 '! 


A highways 42,000 pour 
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» Roads, July 1, 1960 
: : ike ; : Specified matbetn gross weight—pounds * . Practical maximum gross weight—pound s> 
l Applicable to: Truck Truck-tractor semitrailer Truck iy Truck-tractor semitrailer 
= T ] Oth 
iy Any Total ef: [ i 
: c i- 
| pid feed 2-oxle 3-oxle 3-axle 4-axle 5-axle Srna 2-axle 3-axle 3-axle 
| axles only 
i - st x a | a ie H Y +— <2) 
| | | 4 
| Under 18’, Over 18° 29,000 43,000 47,000 61,000 75,000 75,000, ee are 40/000 Were ! 
| uncer 18’ Over 18° 26 000 40,000 44,000 3 
26,500 40,500 45,000 4 
| Under 18’ Over 18° E ie i 26,000 40,000 44,000 L ed 
+40) X 30,000 46,000 26,000 [ 44,000 | 44,960 6 
32,000 50,000 50,000 60,000 60,000 NP 30,848 44,720 51,000 P 7 
x 30,000 46,000 48,000 60,000 60,000 60,000 28,600 48,000 48,000 8 
| x | 30,000 46,000 52,000 9 
~—+— | + + 1 T 
x 30,000 52,000 
63,280 28,340 48,680 
} Xx | 32,000 38,800 
x} I | { 7 | 26,000 40,000 
36,000} *? 41,000 45,000 59,000 72,000 72,000 26,000 40,000 
| 72,000 27,000 41,000 
xX 26,540 40,960 
xX 26,000 40,000 
a | = 
36,000 50,000 54,000 59,640 73,280 NP 26,900 41,600 
| | 26,000 40,000 
| x 32,000 | °° 50,000 50,000 60,000 60,000 60,000 30,000 
(+40) x 2 65,000 65,000 65,000 65,000 
+25) 3 32 46,000} 32 60,600 fe 32 60,000} 32 60,000 32 60,000 NP r 30,400 
26,000 
x 26,000 
xX | 26,000 
xX ine 26,000 40,000 44,000 26 
Under 18' Over 18' 26,000 40,000 44,000 27 
xX 36,000 54,000 54,000 71,146 71,146 71,146 26,780 41,200 45,320 28 
Under 18 Over 18' 26,900 41,600 | 45,800 29 
xX 33,400 | °° 47,500 52,800 66,400 30,400 44,000 52,800 | 30 
30,000 40,000 60,000 60,000 60,000 60,000 31,500 41,600 55,040 31 
Under 18’ Over aS 29,600 42,320 51,200 32 
000 65,000 3 44,00 2 
65, ; 0,400 ‘ 00 | 52,800 oe 
31,500 46,200 | 46,200 65,100 65,100 65,100 27,000 46,000 46,000 34 
Over 18° 26,000 38,000 44,000 35 
x 27,000 39,500 46,000 36 
26,000 40,000 44,000 
a S25 ee ees at 
Over 18' 48 74,000 | 4° 76,000 2000 | 40,000 44,000 
33,000 47,000 50,000 60,000 60,000 62,000 31,072 45,080 51,500 
ay sat 51 44,000 | 52 50,000 | 13 60,000 60,000 88,000 30,400 44,000 50,000 
28,000 40,000 
26,000 40,060 43 
x 26,000 40,000 44 
26,900 41,600 45 
Under 18’ Over 18° 26,000 
30,000} 55 50,000 50,000 | °° 60,000 56 60,000} 5° 60,000 30,000 
X 35 56,800 | 35 56,800 48 
Under 18’ Over 18' 28,000 36,000 46,000 60,000 68,000 72,000 
= | = 
| 
pres wb 
otuee 
| | 
| exticed Mal 














! 
eight. 
3s weight. 


highways. 


100 pounds. 


milly. 






y 56,000 pounds maximum. 
118’; 900 (L +40) on highways having no structures 


s B highways 30,000 pounds. 
‘t products and construction materials. 


Sination; otherwise 26,000 pounds. 


stherwise as administratively authorized. 


concentrates, aggregates, and agricultural products 
, gross weight table: vehicle with 3 or 4 axles per- 
jore axles permitted 79,000 pounds maximum at 43- 


000 pounds; tolerance of 1,000 pounds on total of all 


“il 





limit. 


38 Dual-drive axles; otherwise 40,000 pounds. 
39 Or as prescribed by P.U.C. 
4° Exception for poles, pilings, structural units, etc., permitted 70 feet. 
41 On designated highways 102 inches. 
42 Trackless trolleys and buses 7 passengers or more, P.S.C. certificate 40 feet. 
43 Including front and recr bumpers. 

*4 Approved equipment 73,280 pounds. 
45 Certain types of vehicles and commodities under annual permits on designated highways up to 13 feet 6 inches 
$560 feet allowed truck tractor semitrailer on major routes designated by permit. 

§7 Logging vehicles permitted 3-foot wheelbase tolerance, 19,000-pound single axle, 34,000-pound tandem axle. 
48Governs gross weight permitted on highways designated by resolution of State highway commission or by permit. 
49Single unit truck with 4 axles permitted 60,000 pounds. 
5° Axtes spaced less than 6 feet 32,000 pounds; less than 12 feet 36,000 pounds; 12 feet or more gross weight governed by 





51 Single vehicle with 3 or more axles spaced less than 16 feet 40,000 pounds; less than 20 feet 44,000 pounds; 20 feet or 
more governed by axle limit. 
52 Tractor semitrailer with 3 or more axles spaced less than 22 feet 46,000 pounds; not jess than 27 feet 50,000 pounds. 
53 Limited to 3,500 pounds. 
54 Pavements only, maximum legal load for bridges 56,800 pounds. 
55 Qn Interstate routes 40,000 pounds. 
56 Tandem axles on trailer equipped with adequate brakes. 
57 Vehicles registered before July 1, 1956, permitted limits in effect January 1, 1956, for life of vehicle. 
58 Three-unit combinations on designated highways. 
59 Vehicles hauling logs permitted wheelbase and gross weight tolerances. Discretionary enforcement tolerances not in- 
cluded in computation of practical maximum gross weights. 
60 axle load 21,000 pounds on 2-axle trucks hauling peeled or unpeeled forest products cut crosswise. 
61Qn Class A and Class B highways. All axles of a vehicle or combination—73,000 pounds maximum. 
62 Based on ruling of Attorney Generel. 


©3 Dimensional limits effective August 20, 1960; weight limits to be established by administrative regulations. 
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Figure 4.—Time distribution of retardation. 


(Continued from page 139) 


mix No. 1. A comparison between this 
reduction in water content and the amount of 
retarder used for mix No. 2 is shown in 
figure 5. It was noted that some retarders 
were much more effective in permitting a 
reduction in the amount of water required to 
obtain concrete of a given slump. A com- 
parison between the amount of reduction in 
water and the amount of retarder used per bag 
of cement showed that retarder No. 25 was 


the most effective and retarder No, 2 was the 
least effective. These retarders reduced the 
water required for mix No. 2 by 2.9 percent 
and 0.2 percent, respectively, per ounce of 
retarder used per bag of cement. The 
amount of volatile organic material used is 
shown in table 1 and figure 5. For the 
lignosulfonates this amount was between two 
and four ounces per bag except for retarders 
Nos. 2 and 24. Of the 9 most effective re- 
tarders with respect to reduction in water, all 
were lignosulfonates except for 1 organic acid, 


Water content 


The concretes of mix No. 3 were prepared 
with cement contents reduced in accordance 
with the amount of reduction in water found 
possible for mix No. 2, the objective being to 
have the same water content in mix No. 3 asin 
mix No. 1. For retarders which permitted 
a reduction in water of 5 percent or less in 
mix No. 2, the cement content for mix No. 3 
was reduced 0.25 bag per cubic yard. (This 
is designated as group A in table 3.) For 
retarders which permitted a reduction of water 
of over 5 percent but less than 10 percent, the 
cement content for mix No. 3 was reduced 
0.5 bag per cubic yard (group B in table 3). 
For retarders permitting a reduction in water 
of 10 percent or more, the cement content was 
reduced 0.75 bag per cubie yard (group C). 
It was found that, due to uncontrollable 
variables, it was not possible to prepare all 
batches of concrete with these exact cement 
contents, and at the same time maintain a 
slump of 2.8 + 0.3 inches and use the same 
amount of water in mix No. 3 as was used in 
the reference mix. To hold the cement con- 
tent and slump as close as possible to the 
desired values, slight variations in the water 
content were permitted. For 18 of the 25 
retarders, the water contents were within 0.1 
gallon per bag of cement of the desired values, 
and in only one case (sample No. 23) did the 


Table 5.—Mix data for strength tests ! 


actual water content and the desired content 
differ by more than 0.2 gallon per bag. In 
view of these small differences, mix No. 3 
was considered to have the same water content 
as the reference mix. 


Air entraining agent 


The amount of Vinsol resin solution re- 
quired to entrain 5 to 6 percent air in the mix 
No. 2 concrete prepared with an organic acid 
retarder (Nos. 4, 5, 6, 8, or 9) was approxi- 
mately two-thirds of that used in the reference 
mix. The water reduction caused by the five 
organic acid retarders varied from 5.3 to 6.6 
percent. The amount of air-entraining solu- 
tion used in the mix No. 3 concrete with a 
decreased cement content of % to %4 of a bag 
per cubic yard was approximately the same as 
the quantity needed for mix No. 2. Although 
experience has shown that the organic acid 
retarders cause no air entrainment in concrete, 
these data indicate that they aid air entrain- 
ment and permit a moderate reduction in 
water content when used at the rate of 2.8 
to 12 ounces per bag of cement. 

The concrete prepared with each of the 
lignosulfonate retarders showed a wide range, 
2.8 to 11.8 percent, in water reduction. The 
reduction of 2.8 percent was obtained by use 
of a powdered lignosulfonate which contained 
over 95 percent of an inorganic filler. Two 
lignosulfonates permitted reductions of 5.2 
and 5.9 percent, respectively; 12 permitted 
reductions of 7 to 10 percent; and 4 permitted 
reductions of 10 to 12 percent. It should be 
noted that in retarder samples Nos. 1 and 2, 
although the water reduction for concrete was 
lower than is usually specified, satisfactory 
retardation was obtained. 


Air content 


The effect of each of the 25 retarders on air 
content of concrete and the amount of air- 
entraining admixture used is shown in figure 6. 


Mix No. 3—same water content as mix No. 1 






































Mix No. 2—same cement content as mix No. 1 
Water for 
Retarder No. mix No. 12 
AEA Cement Slump Air Water Reduction 
added in water 3 
Gal./bag Ml./bag | Bags/cu. yd. Inches Percent Gal./bag Percent 

LS See eee Se eee eee eee 575 iyoal 6.0 2.8 5.0 5. 69 ial 
D5 ee Ree K 5.77 16.2 6.0 2.6 5,2 5. 61 2.8 
3:2. ee See ee ee eA asi =k eee 6.0 3.1 5.9 5. 49 5.2 
, SE ee eee en ee = eS 5. 81 13.7 6.0 2.9 6.7 5. 50 ye) 
Ono Se ee en ee 5. 74 1155 6.0 3.1 5.5 5, 41 5.7 
63 ee eee 5. 87 15.2 6.0 2.7 5.4 §. 53 5.8 
| aE einer ie Se se bey aoa 5. 76 8.3 6.0 Ppt 5.4 5. 42 5.9 
eee ig he ELA se eS 5. 78 15.8 6.0 2.6 5.5 5. 43 6.1 
5 ae Oe. Sees Sy cee 5.91 14.5 6.0 2.9 5.2 5. 52 6.6 
0 =e e e 5. 86 9.4 6.0 3.0 5.4 5. 44 7.2 
Ut oh? 2 a Se eee Sal 3h if 6.0 ei 5.7 5. 29 7.4 

De Soe 2k SIR ogee 5. 86 2.5 6.0 2.6 5.4 5. 37 8.4 
1S ue ee ee papi 2.6 6.0 Pay il 6.7 5. 30 eyail 
14. ee AN ee 5. 67 2.2 6.0 3.0 5.7 5. 21 8.1 
LO 2 So ee ee ee ee OUT Owe Mee eee! 6.0 3.0 6.8 5.26 8.2 
1622352 bee SW eo ee 5. 67 .4 6.0 2.9 6.1 5, 20 8.3 
7S Se a ee ae. oe 5.79 11.5 6.0 2.8 5.5 6. 31 8.3 
1D ae ee ane pe ae ee eae 5.77 4.5 6.0 2.7 5.6 5. 27 8.7 
nl eee ae py Pe oO ee ae 5. 74 2 6.0 2.5 5.7 5. 24 8.7 
20 pa ee ee ee eegeies - SO e ees meena 6.0 2.8 5.3 5. 30 9.6 
DAs se eee oo ee ee 5. 84 4.0 6.0 2.7 5.7 6.27 9.8 
DS os Se a eA 5 SO Vill yet oe 6.0 3.2 10.0 5. 22 10.0 
ye eee Se, Seep: ee eepee See. ar fiy ee |p eA ees One 2.6 5.8 5515 10.4 
DA ce eee Ds ee ee ee ee 6.0 2.6 5.9 5.13 11.2 
DBs. Rapin Soe ae eee ae Dal Gen te ce 6.0 2.8 7.6 5.08 11.8 


1 Kach value is an average of five tests made on different days. 


is the same amount as shown in table 4. 





Amount of retarder used 


2 Water content for mix No. 1 is water used in reference mix made on same day as retarded 


concrete mixes. 
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Average values for mix No. 1 are: air-entraining agent (AEA) added, 20 


AKA Cement Slump Air Water 
added 

Ml1./bag | Bags/cu.ud.| Inches Percent Gal./bag 
19.0 Oni Dai 5.6 5. 89 
18.0 5.7 2.9 5.6 5. 93 
eee oe 5.5 2.8 5.6 5. 89 
14.5 5.4 2.8 5.8 6. 01 
12.3 5.5 2.7 5.8 5. 81 
16.4 5.5 2.9 5.9 6. 03 
9. 2 5.5 2.6 5.5 5, 84 
14.7 Lage} 2:8 5.6 5. 88 
16.6 5.5 2.6 5.7 6.04 
8.6 556 2.7 6.1 5.76 
4.1 6.5 2.7 5.5 6.71 
Sea 525 2.7 5.6 5. 87 
1.3 5.5 2.6 5.7 5.75 
2.8 5.5 2.7 5.8 5. 72 
Bie t« 6.5 2.8 7.0 5. 67 
3.7 6.5 2.8 5.8 5.74 
11.3 6.5 2.9 5.5 5. 81 
4.4 6.5 2.6 6.7 5. 75 
6.4 5.5 2.6 5.4 5.78 
1.8 5.5 2.6 6.5 5. 81 
2.8 6.5 2.6 Dut 5. 72 
So eae 5.2 3.1 10.0 5, 88 
Seas 5.3 2.6 5.4 6, 03 
eee Ze 5.2 2.6 5.8 5. 86 
sat Stes §.2 2.8 9.5 5. 72 

















ml./bag; cement, 6.0 bags/ cu. yd.; slump, 2.9 inches; air, 5.4 percent. 
3 Average reduction in water-cement ratio as compared with that required for the reference 


mix made on the same day. 
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Seven of the 19 lignosulfonate retarders, 
without the use of an air-entraining solution, 
entrained more than 5 percent of air in the 
concrete. Three of these retarders caused air 
content of about 6 percent, while the maxi- 
mum air content, 10 percent calculated 
gravimetrically, was obtained for the concrete 
containing retarder No. 22. 

The amount of air entraining solution 
needed with each of the other 12 lignosul- 
fonates to entrain 5 to 6 percent air in con- 
crete mix No. 2 varied from about 4 to % of 
the quantity used in the reference mix, except 
in the case of retarder No. 2. The powdered 
extender and the small amount of lignosul- 
fonate in this retarder probably accounted for 
the larger quantity of air-entraining solution 
required. 

Retarder No. 1, sucrose of the carbohydrate 
group, caused a small reduction (1.1 percent) 
in water content and required almost as much 
air-entraining solution as the reference mix. 


Effect of Admixtures on Strength of 
Concrete 
Compressive strength test results 


The results of the compressive strength 
tests on concrete containing the 25 retarders 
are given in table 6. Shown are the averages 
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of five compressive strength tests for mixes 
Nos. 2 and 3 on 6- by 12-inch cylinders made 
on different days and tested at 3, 7, 28, and 
365 days, and the ratios of these strengths to 
the average strengths 
retarder (mix No. 
same day as 
retarder. 


of conerete without 
1) made and tested on the 
the concrete containing the 


Average values for the compressive strength 
of all concretes prepared with and without 
the retarders are shown in figure 7. The 
curves show that both mix No. 2, with a 
reduced water content, and mix No. 3, with 
a reduced cement content, furnished higher 
average compressive strengths at all ages than 
was obtained without the use of retarders. 
This increase in compressive strength might 
be considered a secondary benefit obtained 
by the use of retarders, but it was a real 
and definite improvement in the character- 
istics of concrete. 

As shown in table 6, all retarders except 
Nos. 22 and 25 furnished concrete of equal or 
higher strength at all ages than was obtained 
in the nonretarded concrete. Retarder No. 22 
caused the entrainment of an excessive amount 
of air, and the strength suffered accordingly. 
Retarder No. 25 gave good results when used 
in mix No. 2 with a reduced water content. 
However, when used in mix No. 3 where the 
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Figure 5.—Amount of retarder used and effect on water content. 


cement content was reduced, the concrete con- 
taining this retarder had lower strengths at all 
ages than the reference concrete. Retarder 
No. 25 also caused the entrainment of an exces- 
sive amount of airin mix No.3. Study of the 
strengths obtained at all ages failed to show 
that any type of retarder gave bet 
than any other type. 


ter results 


Flexural strength test results 

The results of the flexural strength tests for 
mixes Nos. 2 and 3 are givenin table 7. This 
table gives the average of five tests on the 6- 


by 6- by 21-inch beams made on different 
days and tested at ages of 7 and 28 days. 


The ratios of these strengths to the strengths 
of concrete without retarder (mix No. 1) made 
and tested on the same day as the concrete 
containing the retarders are also given. 

For some reason which was not apparent, 
the use of retarders failed to improve the 
flexural strength of concrete to the 
extent as was found for the compressive 
strength. In the tests, the 
average strength of the reference mix concrete 
was 5,040 p.s.i. at an age of 28 days. The 
average strength of mix No. 2 retarded con- 
crete was 115 percent of this, and that for 
mix No. 3 was 104 percent. In the tests for 
flexural strength, the reference concrete had 


same 


compression 
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Figure 6.—Effect of retarder on air content of mix No. 2. 


an average strength of 740 p.s.i. after 28 days, 
and mixes 2 and 3 of retarded concretes had 
average strengths of 104 and 97 percent, 
respectively, of the reference mix strength. 
It will be noted, however, that the ratio of 
the values of mixes Nos. 2 and 3 for compres- 
sive strength, 115 against 104, was practically 
the same as the ratio of values for flexural 
strength, 104 against 97. Consequently, it 
can be assumed that the results of the two 
sets of strength tests were valid and that the 
use of a retarder furnished concrete of lower 
relative flexural strength than compressive 
strength. 

Studies of the different groups of retarders 
show that coneretes prepared with the calcium 


strength than those prepared with the carbo- 
hydrate, the ammonium and sodium ligno- 
sulfonates, and the organic acids. No explan- 
ation can be given for this, nor for the behavior 
of concrete prepared with retarder No. 22. 
In the compression tests, concrete containing 
this retarder had the lowest strength, most 
likely due to the large amount of air entrained. 
In the flexural tests, this concrete had strengths 
lower than those of the reference concrete but 
with respect to the other retarded concretes, 
the strengths were reduced but slightly. It 
appears probable that in the acceptance test- 
ing of retarders, consideration should be given 
to the behavior of individual retarders and 
not assume that all retarders of a given type 


In figure 8, average values of the effect of | 
the flexural strength of 


all retarders on 
concrete are shown. These data are taken 
from two sets of specimens. 
ages of 7 and 28 days were made on 6- by 
6- by 21-inch beams and the results obtained 
are shown in table 7. 
were studied, it was observed that at an age 


of 28 days the average strength for the | 


reference mix was greater than that for mix 
No. 3, and was approaching the strength for 
mix No. 2. 


was believed desirable. 


As no other beams of 6- by 6-inch cross — 


section were available, plans were made to 

















lignosulfonate retarder had lower flexural will affect concrete in the same manner. test for flexural strength by using the 3- by 
Table 6.—Compressive strength tests ! 
Compressive strength for mix No. 22 Compressive strength for mix No. 32 
Retarder No. 3 days 7 days 28 days 1 year 3 days 7 days 28 days 1 year 
Pegs Ratio Pisa, Ratio PSs Ratio Pisa Ratio 1D asplle Ratio Pisa, Ratio Pcl. Ratio 1eshal Ratio 
Ln ee ee See eee 2, 910 126 4, 210 118 5, 700 115 6, 890 114 2, 700 117 38, 950 111 5, 450 110 6, 510 107 
7 je ae eed ee 2, 910 123 3, 980 110 5, 370 108 6, 520 109 2, 620 111 3, 840 106 5, 090 102 6, 070 102 
ao Ba ee 2,910 125 3, 990 116 5, 240 110 6, 400 113 2, 430 105 3, 460 100 5, 030 106 6, 050 107 
fe Se ce ee et ee 2, 930 126 4, 430 125 5, 900 120 6, 890 117 2, 410 103 3, 970 112 5, 180 105 6, 180 105 
Doe eee 2 3, 260 132 4, 600 124 6, 090 120 7, 080 115 2, 920 119 4, 120 111 5, 580 110 6, 590 108 
Or ee = at ee 2, 910 126 4, 290 124 5, 610 118 6, 740 118 2, 480 107 3, 800 110 5, 160 109 6, 130 . 107 
ee ee ee 3, 030 122 4, 310 118 5, 720 114 6, 890 115 2, 680 108 3, 790 104 5, 420 108 6, 500 109 
tee se. 3, 070 127 4, 370 123 5, 840 114 7, 200 119 2, 640 109 3, 800 107 5, 370 105 6, 520 107 
ee os ee eo Nae 3, 060 130 4, 400 124 5, 830 116 7,070 117 2, 600 110 3, 810 107 5, 470 109 6, 420 106 
1022 3, 000 124 4, 340 121 5, 790 116 7, 090 116 2, 680 111 4,020 112 5, 390 108 6, 640 108 
Lie ee eS ae eee 38, 340 140 4,610 127 6, 1380 120 7, 420 125 2,910 122 4, 150 114 5, 480 108 6, 620 111 
122 ee eo ee 3, 260 132 4, 560 128 5, 910 122 7, 290 123 2, 530 103 3, 920 110 5, 290 109 6, 460 109 
132 FOE ee ee 5 3, 280 133 4, 500 124 5, 870 115 7, 240 119 2, 770 112 3, 830 105 5, 350 104 6, 570 108 
14_ =e 2 2, 940 123 4, 330 119 5, 890 aWé 7, 230 120 2, 500 105 3, 910 107 5, 330 106 6, 300 104 
15. i 3, 000 120 4, 370 118 5, 610 110 7, 020 113 2, 550 102 3, 940 107 5, 120 101 6, 430 104 
16. == 3, 240 136 4,570 125 6, 100 121 7, 120 118 2, 740 115 4, 100 112 5, 480 109 6, 590 109 
Lis eee s 4 3, 150 128 4, 430 125 5, 900 115 7, 220 119 2, 520 102 3, 800 107 5, 280 103 6, 410 106 
LS: oe ee eS ee er 3, 270 131 4, 500 120 5, 860 112 7, 050 113 2, 880 116 4, 050 108 5, 420 104 6, 470 104 
Ute 3, 280 133 4, 490 124 5, 990. 117 7, 310 121 2, 710 110 3, 900 107 5, 400 107 6, 490 107 
20.32 = 3, 230 138 4, 620 131 6, 110 122 7, 470 123 2, 830 121 4,110 117 5, 620 113 6, 930 115 
ps as s 3, 200 132 4, 440 125 5, 830 116 7, 340 121 2, 780 115 4, 090 115 5, 550 110 6, 750 1i1 
Sep eee alle ob eke EP ae oS e 2, 290 99 3, 300 93 4, 520 g1 5, 550 94 1, 830 7 2, 750 77 3, 940 79 4, 740 80 
ys Oe ee ee eS ee I 3, 200 139 4,500 129 5, 950 122 7, 410 123 2, 540 108 3, ¥20 109 5, 180 105 6, 360 105 
24_ 4 = 3, 470 163 4, 580 130 6, 030 121 7, 490 125 3, 140 136 4,010 114 5, 280 106 6, 470 108 
26... -Bosinndstese eee eas 2, 940 129 4, 160 118 5, 420 110 6, 760 115 2, 140 94 3, 280 93 4, 460 90 5, 390 92 





1 Each value is the average of five tests made on five different days. 


used is the same amount as shown in table 4. 
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Amount of retarder 


























2 Ratio represents the ratio (expressed in percent) of the strength of conerete with retarder 
to the strength of the concrete without retarder made on the same day. 
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| at 28 days, 5.9 million p.s.i. 


. the nonretarded concrete. 


4- by 16-inch beams which were used for 
reference purposes in volume change tests. 
These beams, representing mixes Nos. 1 and 2 
only, had been kept continously in moist 
storage. When the volume change tests were 
completed, these beams were stored in water 
for 2 weeks and tested for flexural strength at 
an age of 15 months. The results obtained 
are included in table 7 and figure 8. 

At an age of 15 months, the flexural strength 
of nonretarded concrete was the same as that 
of retarded concrete of reduced water content. 
At greater ages, the equality in flexural 
strength of nonretarded concrete and retarded 
concrete of reduced water content might be 
maintained. 

Modulus of elasticity 


The results of tests for modulus of elasticity 
for concretes prepared with each of the 25 
retarders are not shown in this report since 


significant differences were not generally 
Obtained. However, the average values 
recorded for all concretes are of interest. 


For the reference mix, the sonic modulus 
recorded at 7 days was 5.4 million p.s.i., and 
For mix No. 2, 
the sonic modulus was 5.8 million p.s.i. at 
7 days and 6.2 million p.s.i. at 28 days. For 


mix No. 3, the sonic modulus was 5.7 million 


| p.s.i. at 7 days and 6.1 million at 28 days. 


The static modulus was somewhat lower for 
the three concrete mixes. At 7 days, it was 


| 5.0 million p.s.i. for the reference mix, 5.4 
| million for mix No. 2, and 5.0 million for mix 


No. 3. 


At 28 days, the static moduli for the 
three mixes were 5.6 million p.s.i., 6.0 million, 
and 5.7 million, respectively. 

The sonic moduli for the retarded concretes 
were from 3 to 6 percent higher than those for 
The static moduli 
of the retarded concretes were from 1 to 8 
percent higher than those for the nonretarded 
concretes, but the average static modulus for 


all retarded concretes was 7 percent less than 


the average of the sonic values. 

In general, the use of retarders did not 
affect adversely the modulus of elasticity of 
concrete unless an excessive amount of air was 
entrained. Retarder No. 22, which caused 


“an, 


entrainment of an excessive amount of air, 
produced concrete having sonic and _ static 


moduli from 7 to 13 percent lower than those 


for nonretarded concrete. 


Effect of an elevated temperature 


Tests were made to determine the effect of 
an elevated temperature on the properties of 


concrete containing each of the retarders. 


The materials used were stored for several 
days prior to mixing at 90° F. The concrete 
was then mixed and the test specimens were 
cured at the same temperature; the specimens 
being cured under wet burlap for 24 hours, and 
then stored in moist air at 73° F. until tested. 

The amount of retarder necessary to give 
the desired retardation (244 to 3 hours as meas- 
ured by the 500 p.s.i. Proctor test) was deter- 
mined and the results are given in table 8. 
It was found that at 90° F. more retarder per 
bag of cement was required for the concretes 
containing 19 of the retarders than for similar 
concretes at 73° F. With the other 6 samples 
(Nos. 14, 15, 16, 17, 20, and 24, all lignosul- 
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Figure 7.—The influence of retarders on compressive strength of concrete; average values 
for all retarders. 


fonates) the same amount of retarder was re- 
quired for both temperatures. The increase 
in amount used for the 19 retarders varied 
from 105 percent for sample No. 3, to 175 
percent for sample No. 6. With respect to 
type of retarder, the change in temperature 
from 73° to 90° F. required an increase of 27 
percent in the amount of the carbohydrate, 
and an average increase of 14 percent for 
lignosulfonates and 48 percent for organic 
acid retarders. 

Retarder No. 5 caused an unusual effect on 
the setting or stiffening of the screened mortar 
at 90° F. The mortar developed a firm crust 
at an early age but remained soft under this 
crust for some time. When a Proctor pene- 
tration pressure of 500 p.s.i. was used, this 
crust caused the mortar to have an apparent 
retardation time of only 1 hour and 55 minutes. 
However, higher penetration pressures of over 
500 p.s.i. broke through the crust and revealed 
the softness of the interior portion of the test 
specimen. Tests were continued to an age of 
9 hours and the penetration pressure was less 
than 4,000 p.s.i. After 24 hours, the mortar 
was found to be hard and there was no 
difficulty in removing the concrete specimens 
prepared with this retarder from the molds. 


For a penetration load of 4,000 p.s.i. this re- 
tarder retarded the mortar over 4 hours. 
Tests of the concrete specimens at an age of 
3 days indicated a satisfactory strength. 

Compressive strength tests for mix No. 2 
were made at ages of 3 and 28 days. The 
results of these tests and the ratios of these 
strengths to the strength of concrete without 
retarder, made on the same day, are shown in 
table 8. 

In general, the same trends were shown in 
tests on specimens made at 90° F. as were 
shown on those made at 73° F. The strength 
ratios differed only slightly. The average 
compressive strength at 3 days of the con- 
cretes containing the retarders (mix No. 2) 
made at 90° F. was 3,020 p.s.i. and for similar 
concretes made at 73° F. it was 3,080 p.s.i. 
At 28 days, the average compressive strength 
of retarded concretes made at 90° F. was 
5,040 and for concrete made at 73° F. it was 
5,760 p.s.i. 

A comparison of the compressive strengths 
at ages of 3 and 28 days of concrete specimens 
made at 90° F. and at 73° F. is shown in 
figure 9. At an age of 3 days, the points 
representing each concrete, retarded or non- 
retarded, are well grouped with respect to 
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Table 7.—Flexural strength tests ! 





Modulus of rupture 2 












































Mix No. 2 Mix No. 3 
Retarder No. 
7 days 3 28 days 2 15 months 4 7 days 3 28 days 3 
P.s.i. | Ratio?| P.s.i. | Ratio?| P.s.i. | Ratio?| P.s.i. | Ratio?| P.s.i. | Ratio? 

1. 2 A ee Oe 665 102 790 110 785 101 645 98 770 108 
ye: ee en See ee 675 112 750 103 780 100 630. 105 695 96 
is ee ee Pee OCR Bey eee Ore 665 110 750 103 875 105 630. 104 745 103 
(eee i tS ae ae Se 725 118 785 104 840 102 620 101 770 102 
[LE Der, UES ee sian Wey deel 680 106 765 98 870 104 665 104 710 91 
Gre Be eee ce a | 111 755 109 830 99 590 98 710 102 
7, aE at eae SF ES DRT NBER 675 107 760 100 845 101 645 102 730 96 
Biri ee ee ee ee 690 108 830, 112 885 106 630 98 755 102 
O. . aos ee ee eee a ees 690 109 805 106 855 104 655 103 745 98 
LO) 2. 22 ee ee 670 104 805 113 740 90 690 107 750 106 
Nh he SSeS Bee ere ee ee Se 665 108 725 95 835 102 650. 106 710 93 
Do Sconnk tee eee oe er 720 118 760 105 760. 97 620 102 685 94 
13.225 eene = ee Soe --|' 685 107 785 102 805 96 655 102 725 94 
14. eS oe ee eee 675 109 800 102 850 104 625 101 750 96 
Biren 6 deed see oe ease pes oe 715 111 770 110 845 101 645 100 685 98 
NG: MoS oe ce ens eee ee 630. 102 730 94 890 109 610 98 705 90 
ty = eee ee aes PE eee Ee 690 112 750 103 815 98 655 106 745 103 
18: 2.24 ee ee eee 660 107 755 97 810 99 600 98 685 88 
10. B= Se ee 720 110 790 103 755 90 675 103 755 98 
20s oo. ee ee ee oe 695 107 800 109 815 99 630 97 730 99 
Desks Ree ee eee eee 660 104 800 109 825 101 640 101 740 101 
22 oe Been te ee eee 595 98 695 96 675 87 535 88 640 89 
i en oe et Ne ae ye eal 67.0) 108 810 114 715 92 625 100 750 107 
Dh. Tene eer eos Sea as ee 635 106 745 101 810 104 600 100 650 88 
20. See Se REL S A ee 655 107 750 105 775 99 590 97 660 92 

















1 Amount of retarder used is the same amount as shown in table 4. 
2 Ratio represents the ratio (expressed in percent) of the strength of concrete with retarder to the strength of the concrete 


without retarder made on the same day. 


8 Each value is the average of five tests made on 5 different days. Specimens were 6- x 6- x 21-inch beams tested in 
accordance with AASHO Method T 97 with third point loading on an 18-inch span. Side as molded in tension. 

4 Each value is the average of three tests. Specimens were 3- x 4-x 16-inch beams tested with third point loading on a 12- 
inch span with a tinch depth; bottom surface as molded in tension. 


the 45° line. The concretes made with 
retarders Nos. 3 and 25 show the greatest 
reduction in strength at 3 days due to fabrica- 
tion at an elevated temperature. At an age 
of 28 days, almost all of the conecretes made 
at 90° F. show a lower strength. Concretes 
prepared with retarders Nos. 5, 7, 11, 13, 18, 
and 25 show this to the most marked extent. 
With respect to type of retarder, some 
differences are found but no outstanding in- 
fluence of any one type is noted. Concretes 
prepared with retarders Nos. 3, 6, and 15, 
showed either none or only slight reduction in 
strength due to the elevated temperature. 


Freezing and thawing tests 


Table 9 shows the results of freezing and 
thawing tests made with the retarded con- 
crete. The computed durability factors for 
concrete prepared with each retarder after 
300 cycles of freezing and thawing are given 
in this table. Because of the limited capacity 
of the freezing and thawing apparatus the 
specimens for these tests were prepared on 
10 mixing days. 

To permit comparisons between the con- 
cretes containing the different retarders a 
reference mix was made on each mixing day. 
The specimens made with the reference mix 
were tested with the specimens containing 
the retarders, and the durability factors for 
each concrete of mixes Nos. 2 and 3, expressed 
as a percentage of the durability factor for 
the reference concrete made on the same day, 
are shown in table 9. These values are 
described as relative durability factors. 
The durability factors for the reference con- 
crete were quite uniform, varying from 85 to 
92 with an average of 90. 
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Concretes of equal cement content (mix 
No. 2) prepared with each of 3 retarders, 
Nos. 12, 15, and 24, had relative durabilities 
of 80 percent or less whereas concretes with the 
remaining 22 retarders had relative dura- 
bilities of 90 percent or more. Concretes of 


reduced cement content (mix No. 8) prepared 
with the same 3 retarders had relative dura- 
bilities of less than 90 percent. Concretes 
containing retarders Nos. 3 and 23 also had 
relative durabilities of less than 90 percent 
when the cement content was reduced. 

If an assumption is made that a relative 
durability of 80 percent for concrete with an 
admixture is acceptable, as is specified in 
AASHO Specification M 154 for air-entraining 
admixtures for concrete, and in the proposed 
specification for retarders of Subcommittee 
III-h of ASTM Committee C-9, then only two 
retarders, Nos. 15 and 24 for mix No. 2, and 


three retarders, Nos. 3, 15 and 24 for mix No. 3. 


would not be acceptable. 

Retarders Nos. 3, 15, and 24 were all of the 
lignosulfonate type. The air contents of the 
concretes containing these retarders varied 
from 5 to 6.5 percent and with one exception 
(sample No. 24 in mix No. 3) no air-entraining 
agent was added. Concretes containing four 
other lignosulfonate retarders, Nos. 20, 22, 23, 
and 25, to which no air-entraining agent was 
added to six of the eight mixes, had relative 
durability factors for mixes Nos. 2 and 3 vary- 
ing from 86 to 103 percent. Concretes con- 
taining the other lignosulfonates to which an 
air-entraining agent was added, with the ex- 
ception of retarder No. 12 in both mixes Nos. 
2 and 3, had durability factors of over 90 
percent. 


Organic acid retarders Nos. 4, 5, 6, 8 and 9, 
which required considerable Vinsol resin solu- 
tion to entrain the required amount of air in 
concretes for mixes Nos. 2 and 3, had relative 
durability factors in excess of 90 percent. 
Considerable amounts of air-entraining agent 
were also required for mixes No. 2 and 3 with 


Table 8.—Retardation time for concrete and compressive strength tests of specimens made 
at 90° F. for mix No. 2 


Amount | Amount 
retarder | retarder 
used, used, 
Tide Ee 90° F. 


Retarder No. Slump Air 





Compressive strength 
Proctor penetration 
test, retardation at—! 





3 days 28 days 





500 p.s.i. | 4,000 p.s.i. | P.s.i. | Ratio2] P.s.i. | Ratio? 
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1 The delay in time of hardening of the concrete containing the retarder as compared with the concrete without retarder 
made on the same day. Time for concrete without retarder to reach: Proctor penetration load of 500 p.s.i.: 3 hrs. 15 min. 
(+15 min.); Proctor penetration load of 4,000 p.s.i.: 4 hours 45 min, (+15 min.). 

2 Ratio represents the ratio (expressed in percent) of the strength of concrete with retarder to the strength of concrete with- 


out retarder made on the same day. 
3 Top surface appeared to crust. 
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sample No. 1, the carbohydrate retarder. The 
relative durability for this concrete was 101 
percent for mix No. 2 and 99 percent for mix 
No. 3. 

Concrete having an air content of 5 to 7 
percent is usually considered to have an ade- 
quate resistance to the effects of freezing and 
thawing. The fact that the concretes pre- 
pared with retarders Nos. 3, 15, and 24 con- 
tained at least 5 percent of air and still showed 
relatively poor resistance to freezing raises a 
question of the beneficial value of air entrained 
»by some lignosulfonates. The only explana- 
' tion which might be given to this is that the 
) air was not in the finely divided and uniformly 
dispersed form most advantageous in furnish- 
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Figure 8.—The influence of retarders on flexural strength of concrete; average values for all 
retarders. 


ing durability to concrete. However, no 
study of air void size and spacing was made. 
The information obtained in these tests indi- 
cated that freezing and thawing tests may be 
of particular significance in acceptance or 
qualification tests of a retarder which requires 
no air-entraining admixture to obtain the 
specified air content in concrete. 


Effects of delayed vibration 


The results of tests to determine the effects 
of delayed vibration on the properties of con- 
cretes prepared with retarders are shown in 
table 10. During three rounds of making 
specimens for flexure and compression tests, 
an extra beam and cylinder were made for 


each batch. The three extra beams and three 
cylinders were vibrated at 3 or 5% hours after 
molding. The beams and cylinders prepared 
with mix No. 1 were vibrated at 3 hours and 
those prepared with mixes Nos. 2 and 3 were 
vibrated at 5% hours. The unit weight of 
each concrete, vibrated and nonvibrated, was 
determined by weighing cylinders in air and 
under water prior to testing at an age of 28 
days. 

The average increase in unit weight of all 
vibrated retarded concretes was 3.1 and 3.4 
pounds per cubic foot for mixes Nos. 2 and 3, 
respectively, over the unit weights of cor- 
responding concretes from the same batch 
which had not been vibrated. In general, a 
greater increase in weight was obtained by 
vibration of the concretes which had high air 
contents. For example, concretes of an air 
content of 8 or more percent (retarder No. 22 
showed increases in unit weight of 6.5 and 7.4 
pounds after vibration. 

The average unit weights of the vibrated, 
reference mix prepared on 18 mixing days was 
151.3 pounds per cubic foot and 148.3 pounds 
for the corresponding reference mix that was 
not vibrated. The average gain in weight of 
3 pounds per cubic foot for the nonretarded 
mix checks with the average increase in weight 
of 3.1 pounds for mix No. 2 and 3.4 pounds for 
mix No. 3. 

The average compressive strength at an age 
of 28 days of vibrated, nonretarded concrete 
(mix No. 1) was 5,680 p.s.i. This value was 
11 percent higher than that for the same mix 
which was not vibrated. Vibration did not 
improve the retarded concretes to the same 
amount. The 28-day compressive strengths 
of vibrated retarded concrete were 4.1 and 7.3 
percent higher, for mixes Nos. 2 and 3, re- 
spectively, than the strengths of the same 
concrete which was not subjected to delayed 
vibration. All vibrated concrete for mix No. 
3 and 22 of the 25 samples tested in mix No. 2 
showed a gain in strength over nonvibrated 
concrete. 

The 28-day flexural strength of vibrated 
mix No. 2 averaged 2.9 percent lower than 
the strength of the same mix without delayed 
vibration. For mix No. 3 the vibrated and 
nonvibrated concretes had about the same 
flexural strength. 

The average flexural strength of the 
vibrated, nonretarded concretes (mix No. 1) 
was 725 pounds per square inch. This was 
about one percent less than the average 
strength of the corresponding nonvibrated 
concrete. 

The tests indicated that delayed vibration 
of retarded concrete at 5% hours after placing 
was beneficial to the compressive strength. 
However, the time required for the 500-p.s.i. 
Proctor penetration pressure for delayed 
vibration was not applicable to concretes 
which were used in this study. This was 
probably due to the grading and the type of 
aggregate used. 

The results of delayed vibration on flexural 
strength of retarded concrete included in this 
investigation indicate no apparent benefit, 
probably due to the method of vibration 
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Figure 9.—Effect of elevateditemperature on compressive strength of retarded concrete. 


employed. It is difficult to vibrate a hori- 
zontal beam of 6- by 6-inch cross-section with 
a 1%-inch internal vibrator and obtain ideal 
compaction. In the case of a 6- by 12-inch 
cylinder, the vibrator spud is immersed for its 
full length in the concrete and effective vibra- 
tion can be obtained. 


Density and absorption tests 


Data on the density and absorption of con- 
crete disks taken from cylinders prepared with 
and without retarders are shown in table 11. 
Mix No. 2, containing each of the 25 retarders, 
was made on three different mixing days 
along with a reference mix prepared for each 
day. The tests were made on l-inch thick 
disks which were sawed from the top, middle 
and bottom of three 6- by 12-inch cylinders 
made on the same day. Each value for 
weight or absorption of the hardened concrete 
given in the table is an average for 6 disks. 

A temperature of 190° to 200° F. was used 
to dry the disks. This temperature was 
chosen because it was considered inadvisable 
to evaporate water above the boiling point 
and the uniformity of heating was better con- 
trolled at this temperature than in available 
ovens which operated at temperatures about 
212° Fy, 

The wet and dry densities, unit weight per 
cubic foot, of the disks from the bottom of the 
cylinders were higher than the densities of 
corresponding disks from the top of the 
cylinders. However, the differences in den- 
sities of disks from the top and middle of 
cylinders were relatively small and indicated 
very little effect on densities by any of the 
retarders. A comparison of densities of the 
retarded concretes with the densities of the 
reference mix also indicates a non-appreciable 
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gain in weight above that normally obtained 
for the reduced water content, and the term 
“densifier”’ as used for some retarders, is not 
justified by these data. 

The absorption data given in table 11 were 
calculated from the wet weights at an age of 
28 days and the weights after drying at 190° to 
200° F. The absorptions were higher for the 
disks from the top of the cylinders than for the 
disks from the bottom of the cylinders. There 


did not appear to be any appreciable effect of 
decreasing the absorption of the concrete in the 
top of a cylinder by the use of a retarder. 
Neither did the use of a retarder appear to 
decrease appreciably the range in absorption 
between the concrete in the top and bottom of 
a cylinder. 


Volume change tests 


The data in table 12 indicate that retarders 
have no significant effect on lineal drying 
shrinkage or growth of the concrete used in 
this study. This conclusion is based on a 
comparison of the volume change of retarded 
concrete with that of reference concrete which 
was made on the same day. In general, the 
organic acid retarders (Nos. 4, 5, 6, 8, and 9) 
and the carbohydrate retarder (No. 1) 
showed very little increase in shrinkage. The 
shrinkage values, generally, appear to be 
higher for the retarded concretes that were 
moist cured initially for 2 days than those for 
similar concretes that were cured initially for 
14 days. Some of the lignosulfonates, par- 
ticularly Nos. 11, 14, 16, 18, and 24, showed 
the greatest shrinkage for 2-day moist-cured 
concrete. Whether the calcium chloride con- 
tent of retarders Nos. 11 and 24 affected 
shrinkage is subject to conjecture. Likewise 
whether reducing sugar content, over five 
percent in retarders Nos. 14 and 17, affected 
shrinkage is conjectural. Although the shrink- 
age values for coneretes containing retarders 
Nos. 14 and 17 were among the highest values 
recorded, consideration should be given the 


chemical composition of each of the two 
retarders. 
The values for expansion under moist 


storage showed no appreciable effect of re- 
tarders on concrete. One value, 0.019 per- 
cent, for retarder No. 14 is an exception and 
reference to table 1 shows that the carbohy- 


Table 9.—Results of freezing and thawing tests ! 

















Mix No. 2 Mix No. 3 
Retarder No. 
Air AEA Durability |} Relative Air AEA Durability | Relative 
content added factor at | durability | content added factor at | durability 
300 cycles factor 2 300 cycles factor 2 
| 
Percent | M1./bag Percent Percent Percent | Ml./bag Percent Percent 
A ger Sant 5 SRN ieee Ehe e a 4.9 16.3 92 101 5.4 21.5 91 99 
ee ee eee es §.2, 16.3 91 100 5.6 21.5 91 99 
Bee ee eT ERR iY My erm te 87 96 56) “aie seeae= 68 75 
Ae eee a ee 5.2 14.3 91 101 5.1 18.0 89 99 
(see PERRIS fed SE ak Sed 5.1 10. 2 87 96 4.9 13.5 82 91 
(Rear Se. {ee BS Sue a oe 5.3 14.3 91 100 5.4 20. 2 85 94 
fb Se Sait Pe bs SEN BOS 5 OS (asa 10. 2 90 99 5.5 13. 5 87 96 
oe oe ne Pe baler ele pal ty Ae a 5.0 15.1 91 99 5.3 19.3 91 106 
Gao ese ae a Ee a Bed 4.9 14.3 94 102 5.3 18.0 87 97 
I) Prcpaert Pe Bee tt See = 8 6.0 18, 4 91 99 5. 7 13. 5 88 97 
iy ee eae sae | eS oe 5.4 4.1 88 95 6.3 9.0 84 93 
28 ee eee eee One 4.1 74 80 5.9 6.7 7 85 
1 Peet eae eee Mee 6.3 4.1 88 96 6.0 6.7 79 93 
1 ae abe te tN Sie A 6.0 4.1 87 94 5.3 te 84 99 
Get tee ese es Lawes l|| oP pea es 72 us OLE Ae 64 75 
A hc Pent: CR amperes 2e nla, hapten woke § 6. 2 6.1 92 101 6.5 One 83 98 
Wind eee ee 5.2 10. 2 92 102 5.2 13.5 86 101 
13 2 pec ie Se Ee ees 6.2 Gy 90 99 5.0 Gadi 82 93 
10. SES eee 5.9 8.2 91 101 5.0 11.2 87 98 
20. s2etey ob re fetal Ko alt? Ne 3 We bs 85 94 5.9 13.5 91 103 
Dt ee be oye Resto oe | 5.0 4.1 82 91 5.2 11.2 92 103 
DS ee Ae Lee 1005 eee ee 92 101 (Ne ses 91 102 
PER Pee? We RSE ATES 1801s be 1 4.1 88 97 5.0 4.7 76 86 
bP ee Se Ree by ee ee SS Le Ne ee Sees 56 61 5.9 2.4 68 76 
7 Sea ea Berl 6 Satan 22 1c OLe at eee 87 96 GiGloa | ee see 87 97 











1 Hach value is an average of tests on three 3-x 4-x 16-inch beams. 


AASHO Method T 161 for fast freezing and thawing in water. 

















Beams frozen and thawed in accordance with 


* Relative durability factor is the ratio in percent of the durability factor of the concrete containing the retarder to the 
durability factor of concrete without retarder (mix No. 1) made on the same day and given the same treatment. 
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drate content for this retarder is over 10 


percent. 


Use of excessive amount of retarder 


A limited series of tests were made using 
four times the amount of retarder which had 
previously been determined as the amount 
necessary to obtain the desired retardation. 
Only ten of the 25 retarders were used in 
these tests which were made to determine the 
effect on the retardation as well as on compres- 
sive strength at ages of 7 and 28 days. The 
mix data for these concrete samples as well as 
the results of the Proctor penetration tests 
and the compressive strength tests and ratios, 
are given in table 13. 

The mix data show that when four times 
the normal amount of retarder was used, the 
air content of the concrete mixtures Nos. 3, 
7, and 11 was over 8 percent. No air en- 
training admixture was used in these mix- 
tures. The use of an overdosage of retarder 
had no effect on the air content of the con- 
cretes containing each of the other seven re- 
tarders. The water required for the con- 
cretes with an overdosage of each retarder 
was, with one exception, reduced from that 
required for corresponding concretes con- 
taining the normal amount of retarder. 

The time required for the concretes to reach 
500 p.s.i. penetration pressure by the Proctor 
test, varied from approximately 6 hours for 
concrete containing retarder No. 11 to over 
100 hours for retarders Nos. 3 and 7. For a 
penetration of 4,000 p.s.i., the time varied 
from 23 hours to over 150 hours. Retarders 
Nos. 11 and 12 which required approximately 
6 to 10 hours, respectively, for a 500 p.s.i. 
penetration pressure, required 80 hours and 
over 150 hours, respectively, for 4,000 p.s.1. 
penetration pressure. Crusting of the top 
surface of the concrete appears to have caused 
this difference. 

The strength tests show that at an age of 
7 days, concrete prepared with retarders Nos. 
1, 2, and 9 gave compressive strengths greater 
than those of the concrete without retarder. 
Concrete containing these 3 retarders reached 
the Proctor penetration value of 4,000 p.s.i. 
in less than 50 hours. 

At an age of 28 days the concretes con- 
taining each of six retarders had strengths 
greater than the strength of the nonretarded 
mix. Of the four concretes which had 
strengths less than the reference concrete, 
three had air contents of over 8 percent. The 
concretes containing retarders Nos. 7 and 12 
had strength ratios of 90-91 percent of the 
nonretarded concrete. As these concretes 
needed over 100 hours to obtain a Proctor 
penetration pressure of 4,000 p.s.i., it is 
possible that at a later age these concretes 
might equal the strength of the reference mix. 

Where the air content of the concrete was 
not high, it appeared that if sufficient curing 
could have been given the conerete, the 
strength would not have been seriously 
lowered by the overdosage of retarder. 

Figure 10 shows the probable effect of re- 
tarder overdosage on the compressive strength 
of concrete after 7 and 28 days. The curves 
- showing the effect of retarders Nos. 1, 2, and 
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Table 10.—Effect of delayed vibration on compressive and flexural strength of concrete at 























28 days! 
Weight of hardened Compressive strength, Flexural strength, 
concrete 2 vibrated vibrated 
Retarder No. i 
Vibrated Non- Psi. Ratio 3 Paste Ratio 3 
Vibrated 
Pounds per | Pounds per 
(poke cu. ft. cu. ft. 
IMEEXSINGO SU Saar eee ae ade 151.3 148.3 5, 680 111 725 99 
Mix No. 2: 
UR So aay Se ee se ee Se eet 151.8 149.8 6, 070 105 765 96 
Dieta oye oS See ge ee ee eee See 151.7 148. 5 5, 680 101 740 97 
ee 151.8 147.8 5, 790 113 665 92 
AN ee 2 ee ae oe Sen eas See aoe 151.9 148.8 5, 990 100 775 97 
a ee ee | 153.5 150.3 6, 500 101 755 97 
(icine oo edhe age IHRE ege se eee Ree 151, 2 147.6 5, 550 104 715 95 
(esse 2 Seioe cose eae pa ar eS 152.9 150.8 5, 950 103 750 101 
he Ses ei dtot SS See te. See 152. 5 150.1 6, 050 101 790 94 
Ube 56 Soe eee Se See eee aes es 151.2 149.7 6, 240 107 725 88 
UOe ee Es Se RE ee soe ee eee eee | 152. 4 150. 2 6, 120 105 765 96 
ea eee rca See ae eee one ae 162.2 147.0 6, 240 102 735 105 
VRS ob ad ae Se ee a eee 150.8 145.3 5, 690 116 740 106 
ISO ox et oo Sees eee oe eee 152.6 150.7 6, 140 104 760 101 
MR Sone or Se Sg om ees Se en 153. 8 150.9 6, 270 105 775 97 
1 eee) ne a ae 152.3 149. 1 5, 880 103 725 97 
GS Se Se ee eee ep ee Oe 152.4 150.0 6, 170 100 765 103 
Le ee ee a 162.3 150.1 5, 900 98 740 97 
LS oe ee ee ee ee ee ene 152.8 151.4 5, 740 94 760 101 
ih eee Se See Se Sie cee eee 153.8 uy Da 6, 170 102 750 93 
2 ee eee pene = os T5255 150. 6 6, 260 102 790 100 
P| ee a ee ee | 152.1 149.9 6, 210 105 745 94 
DOPE ep 2 oes SN ape ee 150.8 144.3 5, 420 125 705 104 
DB) See ae er en ee Sn er 152.3 149.8 6, 280 102 790 95 
DA oe eee ew SR A ESS Se SES 2 154.0 TL 6, 020 98 725 93 
D5 oe ees Be ce See 153.3 148.1 6, 120 109 745 95 
WA VOLAPO Baas nea ene ne ee 152.4 nei gee | On Soe ee ee ee | ee ee 97 
Mix No, 3: 
1 a eee V5156 147.6 5, 810 106 695 91 
OIE, ene a $e Ee ee ee 152.0 148. 4 5, 360 104 730 105 
Shee eee ie et ee 8 ee 152. 2 148.6 5, 610 112 710 97 
Oe ee re ye a a es ee 152.0 148.7 5, 560 105 725 94 
Dy the we ASR eee ean eee ooo Sree eee | 153. 5 149.8 6, 270 109 705 96 
(a) pe Song ote ee a ae ae ee a es ra ifglyal 148.9 5, 320 106 675 97 
Pe a a en a ee ee Sere 152. 2 149.8 5, 880 105 735 104 
Spe a Been See a See Se ee 152. 4 149.7 5, 690 103 725 96 
AO a eS ee ee | 152. 4 149.3 5, 910 105 755 102 
H () eect gaa ee ee eee 153. 2 150.7 6, 000 108 720 99 
‘ee Mesos Soe oe eee 2 ese eee 153.6 149.7 5, 710 103 685 97 
We oe ee a a et ee ita) 147.8 5, 360 107 745 106 
1S 33t 2 Saree Bee eee pa oot ane Se 153.8 149.6 5, 890 109 720 104 
ae SS oe See ck ae ee eS Se ES 153.0 149.3 5, 610 105 740 100 
i ifs ieee Be ee | 153. 5 148.8 5, 950 114 670 97 
ie Sans nan nt ee ee a 18842 150. 0 5, 690 101 735 101 
fly Paes Pt a eS eee eee Se 162.1 149.4 5, 790 109 750 101 
1S. Seta che Sie ae eee ee ee ae ees 152.6 150. 5 5, 600 100 760 } 113 
LO Seer ie eas Se eee ae ee 152.8 150. 1 5, 790 105 735 93 
PO eg Se .as See es Bose ae ees oe ee 154.0 151.0 6, 380 108 680 95 
2 re ee See Se See ee ees oo ee 152.0 150. 5 5, 800 103 720 104 
De ae er Oe = 152. 4 145.0 5, 190 126 670 105 
7 eee Da Fae Eee a ae | 153.0 149.9 5, 580 104 765 103 
A reer Me ee ee Ne ee eee ee ed 153. 6 150.7 5, 600 105 670 105 
PA eae eR 52 Lo. ol ae estes Be ee eee 152. 6 147.6 5, 880 126 670 98 
ASV OL ACC amet sate Seon ee ree ee L52it 149836 oe eee LOT ale see eee 100 




















A 1 Each value for mix No, 1 is average of 19 tests. 
ays. 

2 Weight of hardened concrete determined on test cylinders at age of 28 days. : 

3 Ratio represents the ratio (expressed in percent) of the strength of vibrated concrete to the strength of the non-yibrated 
concrete made on the same day. 


9 have approximately the same shape as that 
for the reference mix. The curves for the 
concrete retarders Nos. 3 and 11 have about 
the same slope as that for the reference mix. 
It was expected that these concretes would 
continue to develop strength at about the 
same rate as the reference concrete, and that 
little change in the retarded and _ nonre- 
tarded strength ratios would occur with in- 
crease in age. 

The curves for the concretes prepared with 
retarders Nos. 4, 5, 6, 7, and 12 show a very 
rapid increase in strength after a prolonged 
delay in hardening. The assumption drawn 
from the plotted data was that for these 
retarders a considerable delay in setting 
caused a very rapid gain in strength, and pos- 
sibly a development of strength superior to 


Each value for mixes Nos. 2 and 3 is average of 3 tests made on different 


that when normal rates of hardening occurred, 
This assumption, however, does not apply to 
all retarders which had a marked delay in 
setting as samples Nos. 3 and 11 had such 
delay but failed to gain a normal amount of 
strength between ages of 7 and 28 days. 
For most of the retarders tested, use of an 
excessive amount did not cause an objection- 
able reduction in strength at an age of 28 days. 


Effect of retarders on temperature rise 


Figure 11 shows the results of temperature 
measurements of retarded and nonretarded 
concretes which were stored at 73° F. for 48 
hours. After mixing, retarded concretes re- 
quired a longer period of time to reach the 
maximum temperature than did the reference 
mix. The increase varied from approximately 


149 


Table 11.—Density and absorption tests for mixes Nos. 1 and 2 


Weight 


plastic Air in 


Weight of hardened concrete (pounds per cubic foot) 


Absorption 3 





plastic 
concrete 
(percent) 


concrete 
(pounds 
per cubic 


Retarder No. 
Wet ! 


avai (percent) 
Ly 
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150. 


Mix No. 1_-- 


SUS OCS? eR UT 
or 


One w W047 
OAWIRWo NERO 


RONDO 





oOnowr 





PNHNono oun ko WNro® aoonwo STOR On 


Wowa Ano 
HHA OUD HN 


“Roe 


00 > cn 00 
om 
CHO 














Middle | Bottom 


152.0 
152. 6 
152.5 





arw Cron ORONO MAowon~ one 


Middle | Bottom | Top | Middle | Bottom 


143.6 
142.8 
141.9 
142.1 
144. 6 


144.3 
143.3 
143.3 
142. 
143. 


141. 
142. 
144, 
141. 
142. 


144.1 
145. 2 
144.8 
145.3 
147.0 


146.0 
145.8 
146.9 
145.0 
145. 5 


144, 
144. 
146, 
144. 
145, 


144, 
144. 
144, 
145, 
145. 





CUO SECTOR 


ool PE 
Dee POV WOonrr~a lortor ne. td CIDORAGD 


Noor m CONT w moo 





142. 
141, 
141. 
142. 
142. 


140. 
141, 





WANWwWO STOO CI NT On 


142. 
144. 
143. 
145, 


140. 
145. 
144. 
141. 


AANA MANN NM EK 


aro rm TOO Oooo “IWown~r 





AANH MPAA NAMA Mobo go ToT go 


NIWOO NHOW ONana 
SFE SOR RI COU Fant SOS Os CORSE OU OOM CUR 


NINOS OROMn OoONDOO NODON Orono COW n 


Torco Nowe OTH ATCO OOrm~A Lol we} 





oooN Ww NS PON 
Onna NrOr 


an 
oo 

sor 

oo 
CVOvOUS 





1 Wet weight determined on disks after 28 days continuous moist storage. 


2 Disks dried to constant weight at 190 to 200° F. 
3 Based on wet weight after 28 days moist curing. 


one to seven hours. In only three samples 
were the maximum temperatures of retarded 
concretes higher than that of the reference 
mix. The greatest maximum temperature, 
101° F., was found with retarder No. 24. This 
temperature was reached almost 7 hours after 
the maximum temperature of the reference 
concrete had been reached. The lowest maxi- 
mum temperature was 90° F., obtained with 
retarder No. 5. 

The results of measurements for tempera- 
ture rise of retarded and nonretarded mortars 
which were screened from concrete made at 
90° F. are shown in figure 12. The mortar 
specimens were stored in air at 90° F. for 
24 hours. The increase in time for retarded 
mortars to reach a maximum temperature 
over the time required for nonretarded 
mortars varied from about 2% to 16 hours. 
The greatest maximum temperature, 120° F., 
was obtained with retarder No. 24 and the 


lowest maximum temperature, 105° F., 
occurred with retarder No. 6. Somewhat of 
an oddity occurred with mortar containing 
retarder No. 5. This sample recorded the 
second lowest maximum temperature, 106° F., 
at two different times. The first temperature 
maximum was reached after five hours— 
which was prior to the time the nonretarded 
mortar had reached its maximum tempera- 
ture—and retarder No. 5 reached 106° F. 
again after 23 hours. 

The data show, with the single exception 
of No. 5 on the tests with mortar specimens, 
that all retarders delay the time of maximum 
temperature rise beyond that of nonretarded 
concrete and mortar. The data also show 
that, in general, retarders do not increase 
appreciably the maximum temperature rise 
but may decrease it. Retarder No. 24, how- 
ever, presents an exception to the last state- 
ment as this sample caused both mortar and 


Table 12.—Tests for change in volume for 
mixes Nos. 1 and 2! 


Contraction 2 


Retarder No. 


Expansion 3 
Moist cured] Moist cured 
2 days 


14 days 





Percent 
0. 009 
O11 
O11 
. 013 
. 012 


- 019 
012 
. 008 
O11 
O11 


. 009 
O11 
. 010 
O11 


Percent 
0. 048 

. 041 

. 044 

. 047 

. 048 


. 048 
049 
. 049 
- 046 
. 048 


- 046 
. 045 
. 044 
. 046 
. 047 


. 040 
. 045 
- 046 
- 056 


Percent 
0. 044 

. 046 

. 046 

. 047 

. 059 


. 052 
. 055 
057 
. 049 
047 


. 049 
. 049 
. 052 
044 
051 


. 044 
- 053 
. 047 
. 053 














1 Bach value is an average for three 3- x 4- x 16-inch beams. 

2 Specimens stored in dry air for 200 days at 73° F. and 50 
percent relative humidity. 

3 Specimens stored in moist air for 200 days at 73° F. and 
100 percent relative humidity. 
concrete to develop a significantly higher 


temperature than the nonretarded mixes. 


Discussion of the Data 


It is to be noted that the findings of this 
investigation apply specifically to the concrete 
prepared with the following materials and 
properties: 

Cement.—Blend of four type I ce- 
ments having a calculated average 
equivalent alkali content of 0.63 
percent. 

Aggregates—Natural quartz sand, 
and crushed limestone of 1l-inch 


maximum size. 

Slump.—2 to 3 inches. 

Air content.—5 to 6 percent. 
Mixing.—In laboratory pan-type 
mixer. 


Table 13.—Tests using four times normal amount of retarder for mixes Nos. 1 and 2! 















































Proctor penetration Compressive strength at 2— 
test time for— 
Amount 
Retarder No. retarder AKA Cement Water Slump Air 
used added 7 days 28 days 
500 p.s.i. 4000 p.s.i. 
PEsel Ratio 2 PESal Ratio 2 
Oz./bag Ml./bag | Bags/eu. yd.) Gal./bag Inches PCh Hr, Min. | Hr. Min. 
CUS INO tl ee neem ee fc ae 27 6.0 5.9 Phil 5. 4 3:50 5:25 35000) esse 4,900!" esi eae 
Ly, Sao ee ee eee ee 4.5 23 6.0 Band 2.8 6.1 20 23 4,330 119 5,500 112 
Di: see BE asthe Bete oe ae 57 17 5.9 5.8 2.9 5.1 27 29 4,160 114 5,560 113 
Be ee ee cee GY" gb ees ee, 5.2 bas 5.4 8+ 100+ 100+ 1,480 41 2,640 54 
ee 12 25 6.0 5.4 3.0 6.1 80+ 80-+- 2,380 65 5,900 120 
ihe aoe 16 12 6.0 6.3 4.3 4.8 15+ 75 3,340 92 6,200 127 
oe, oe 16 20 5.9 5.4 3.2 5.7 80++ 150+ 320 9 5,030 103 
aS ee aa oe ees 1448 ee ee 5.8 5.2 i) 8+ 100+ 1504) | Se | ee eee 4,420 90 
0-599) tee BS ge Se 11 25 5.9 5.4 3.8 5.6 40+ 48 3,860 106 5,650 115 
1, ee ee er ee ee ees, ) Oe eee 5.2 4.9 4.2 8+ 6 80+ 1,540 42 2,500 51 
| Wp ee ee ees Seen see Se ee oa 16 27 6.0 ‘igi 2.5 6.5 10+ L50=F 05 t 2 ee 5 ee 4,460 91 














! Normal amount of retarder is amount required to retard the setting time of the concrete 
at 73° F. for 244 hours to 3 hours. 


150 


2 Ratio represents the ratio (expressed in percent) of the strength of concrete with retarder 


to the strength of the concrete without retarder. 
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When a retarder was used in sufficient 
amounts to delay the setting time for 2'4 to 
3 hours as indicated by a 500 p.s.i. Proctor 





6,000 


penetration load, the results obtained are as 
follows: 

e For concrete of equal cement content and 
equal slump, all retarders tested permitted 
reductions of the water content of a 6-bag 
concrete mix from 1 to 12 percent (0.1 to 
0.7 gallon per bag of cement) below the water 
content of similar concrete that was not 
retarded. 

e The chemical composition of retarders 
generally affected the reduction of water. 
The sucrose carbohydrate retarder permitted 
the least reduction of water, 1 percent, while 
the organic acid retarders permitted 5-7 per- 
cent reduction, and the lignosulfonates per- 
mitted a reduction of 5-12 percent in water 
content. 

e The time of final hardening of retarded 
concretes at 4,000 p.s.i. Proctor penetration 
pressure was less than 11 hours; whereas the 
time of final hardening of retarded concretes 
at a pin pullout load of 8 p.s.i. was less than 
10 hours. 

y bf e Concretes prepared with mix No. 2, ex- 

REFERENCE cept for retarder No. 22, had higher compres- 
CONCRETE MIX sive strengths at 3, 7, 28, and 365 days than 
(NO RETARDER) A Hf nonretarded concrete. Increases in strength 

lh : at 365 days were from 9 to 25 percent. Con- 
crete prepared with retarder No. 22, which 
had an air content in excess of 8 percent, had 
compressive strengths which were less at all 
ages than the strengths of the nonretarded 
0 3 57 aii <i a concrete. . 

e Concretes which were prepared with each 
AGE=DAYS (KOG. SCALE) of 23 retarders, and which had cement con- 
tents of 5.75, 5.5, or 5.25 bags, had equal or 
higher compressive strengths at all ages than 
the reference mix with a cement content of 
6 bags. Conecretes containing 5.25 bags of 
cement which were prepared with each of 
two retarders had air contents of more than 
8 percent and had lower compressive strengths 
than the 6-bag nonretarded concrete. In- 
creases in compressive strengths of the other 
23 retarded concretes were from 2 to 15 
percent at an age of 365 days. 

e Flexural strengths of 6-bag retarded con- 
cretes, of less than 8 percent air content, 
were from 2 to 18 percent higher at an age 
of 7 days than the reference mix flexural 
strength. At 28 days, the strengths of con- 
crete containing 20 of the retarders were 
greater than the strengths of nonretarded 
concrete. The flexural strengths of the 
specimens which had been moist cured for 
15 months were up to 9 percent greater for 
concretes prepared with each of 14 retarders, 
and from 1-10 percent lower for 10 retarders 
than the strengths of the reference mix. The 
flexural strengths at all ages for the retarded 
concretes containing over 8 percent entrained 
air were lower than the nonretarded concrete. 

e Flexural strengths of concretes of reduced 
cement contents (5.25 to 5.75 bags per cubic 
yard) prepared with each of 17 retarders were, 
at 7 days, equal to or greater than that of 
Oe Sas O52 O50 30S 54.046 Ou Om OMn 5 6 COM 256 5.0me S54 O46 the 6-bag nonretarded concrete. At 28 days, 

ada pee concretes prepared with each of 9 retarders 


Figure 11.—Effects of retarder on temperature rise of concrete made and stored at 73° F. showed increased strengths. When compared 
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Figure 10.—Effect of overdosage (4 times) of retarder on compressive strength. 
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with the strength of 6-bag concrete, 7 sam- 
ples showed reductions of 2-3 percent at 7 
days and 16 samples showed reductions of 
1-12 percent in flexural strength at 28 days. 

e The sonic moduli of elasticity for con- 
cretes of 6-bag retarded concrete (excluding 
the retarder with the high air content) were 
higher at 7 and 28 days than the moduli of 
corresponding nonretarded concrete for all but 
one retarder. 

e The sonic moduli of elasticity for con- 
cretes of reduced cement content (5.25 to 
5.75 bags) with each of 24 retarders were 
equal to or higher than the moduli of non- 
retarded concrete of 6-bag cement content 
except in 3 samples. Values for static 
modulus of elasticity, however, were generally 
lower than those that were determined 
sonically. 

e In 22 cases of 6-bag retarded concrete, 
delayed vibration increased the compressive 
strengths at 28 days over that of the non- 
vibrated concrete. The 28-day compressive 
strength of retarded concrete with a con- 
tent of less than 6 bags was equal to or 
greater than the corresponding nonvibrated 
concrete. The effect of delayed vibration 
on 28-day flexural strength was not as bene- 
ficial as on compressive strength possibly 
due to the method of vibration employed. 
Vibration increased the density of retarded 
concrete and a reduction of entrained air 
probably occurred. 

e Shrinkage due to a loss of moisture was 
slightly greater with some retarded concretes 
than for the nonretarded mix. After 200 
days of storage in dry air, reductions in 
length of 0.044 to 0.049 percent for 6-bag 
nonretarded concrete and 0.039 to 0.059 
percent for retarded concrete were obtained. 
The increase in length of retarded concretes 
during 200 days of continuous moist storage 
was generally only slightly greater than that 
for concrete prepared without a retarder. 

e Relative durability factors, the per- 
centage ratios of the durability factor of the 
retarded concrete to the durability factor of 
nonretarded concrete, for 6-bag retarded 
concretes, when frozen and thawed in water, 
were 61, 79, and 80 with the use of 3 lignosul- 
fonates and were 91 or greater for the other 
22 retarders. Relative durability factors for 
retarded concrete having a cement content 
of 5.25 to 5.75 bags varied from 75 to 86 for 
5 lignosulfonates and were 90 or greater for 
the other 20 retarders. 

e The average absorptions at 28 days for the 
nonretarded mix were 5.9, 5.8, and 5.5 percent 
for the top, middle, and bottom sections, 
respectively, of a 6- by 12-inch cylinder. For 
retarded concretes in 6- by 12-inch cylinders, 
average absorptions at 28 days were 5.7, 5.5, 
and 5.0 percent for the top, middle, and 
bottom sections when an organic acid retarder 
was used, and were 5.5, 5.5, and 5.0 percent, 
respectively, when lignosulfonates were used. 
In general, the weight per cubic foot of the 
retarded coneretes was only slightly higher 
than the weight of the corresponding 
nonretarded mix. 
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Figure 12.—Effects of retarder on temperature rise of mortar made and stored at 90° F. 


e For 6 of the 19 lignosulfonates, the same 
amount of retarder caused a retardation of 
about 2’ hours (at 500 p.s.i. Proctor pene- 
tration) whether the conerete was prepared 
at a temperature of 73° or 90° F. For all 
other retarders, more material was required 
to retard the concrete prepared at a tem- 
perature of 90° than at a temperature of 73° 
F. This increase in the amount of retarder 
needed varied from 33 to 75 percent for the 
organic acids, from 5 to 37 percent for the 
liignosulfonates, other than the 6 mentioned 
above, and was 27 percent for the single 
carbohydrate retarder. All retarded concrete 
samples except one developed a final hardening 
(4,000 p.s.i. Proctor penetration) at a tem- 
perature of 90° F. in approximately 7 to 8 
hours. Concrete prepared with the other 
retarder became hard at some time between 
9 and 24 hours. 

e Concrete prepared with 24 retarders at 
90° F. (omitting retarder No. 22) had a 3-day 
compressive strength that was from 1 to 46 
percent greater than the strength of the 
nonretarded mix. With the use of 2 retarders, 
28-day compressive strengths of 96 and 99 
percent of the strength of the reference mix 
were obtained but the other 22 retarders 
caused strength increases of from 8 to 28 
percent. 

e An overdosage of 4 times the norma! 
amount of each retarder required to obtain 
a retardation of 244 to 3 hours caused setting 
times of 23 hours to over 150 hours at a 
Proctor penetration pressure of 4,000 p.s.i. 
Of 5 lignosulfonate retarders used, 3 caused 
air contents of over 8 percent and the other 
2 required the addition of Vinsol resin for 
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entrainment of 5 percent air. Setting time] } 
of concrete for the overdose of the carbo-| 
hydrate retarder was 23 hours at a Proctor. 
penetration pressure of 4,000 p.s.i. Setting 
time of coneretes (4,000 p.s.i.) with the 4. 
organic acid retarders varied from 48 hours | 
to over 150 hours. | 

Compressive strengths at 7 and 28 days |¥ 
obtained for concretes with an overdosage of 
retarders were as follows: Three lignosul- | 
fonates (Nos. 3, 7, and 11), which entrained | 
more than 8 percent air, were less than the | 
strength of the reference concrete. At an. 
age of 28 days, the reductions in strength | 
were from 10-49 percent. Three organic | 
acid retarders (Nos. 4, 5, and 6) were less | 
than the strength of the reference concrete | 
after 7 days, but were 3-27 percent higher | 
after 28 days. A fourth organic acid retarder | 
(No. 9) caused increases in strength of 6} 
percent at 7 days and 15 percent at 28 days. 
The carbohydrate sample (No. 1) caused 
increases in strength over the reference mix 
of 19 percent at 7 days and 12 percent at 28 
days. 

e Only retarder No. 24 caused concrete to | 
have a maximum rise in temperature signifi- | 
cantly higher than that of nonretarded con- 
crete made and stored at 73° F. Development 
of the maximum temperature of the other 
samples tested occurred approximately 1-8 
hours later than in the concrete without a 
retarder. 

In tests of mortar specimens made and 
stored at a temperature of 90° F., again only 
retarder No. 24 caused the maximum rise in 

(Continued on page 154) 
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Recommended Specification for Water-Reducing Retarders 


for Portland Cement Concrete 


| 

| 

\I. GENERAL 

When required by specifications, or special 
provisions, or permitted by the engineer on 
written request from the contractor, an 
| approved, set-retarding admixture that meets 
the requirements herein specified shall be 


added to the concrete. 


IJ. ADMIXTURES 


The admixture may be in liquid or powder 
form, and of one of the following types: ! 

A. A ealeium, sodium, potassium, or 
ammonium salt of lignosulfonic acid. 

B. A hydroxylated carboxylic acid or its 
salt. 

C. A carbohydrate. 


Ill. AcceErTANCE REQUIREMENTS Ap- 


PROVAL OF ADMIXTURES 


FOR 


A. Source of test data for approval of admiz- 
_ture.-—Data from a recognized laboratory that 
show the water-reducing retarding admixture 
) conforms to the following requirements in this 
section shall be submitted. A ‘‘recognized’”’ 
} laboratory is any State highway, Bureau of 
| Public Roads, or cement and concrete labo- 
ratory, inspected regularly by the Cement 
Reference Laboratory of the American So- 
ciety for Testing Materials. 

B. Type of test data.—The test data shall be 
obtained by the use of concreting materials 
and by methods that meet the requirements of 
current standards of the American Association 
of State Highway Officials (AASHO) or the 
American Society for Testing Materials 
(ASTM) as listed in section V of this specifica- 
tion. 

C. Mix requirements—-The properties of 
retarded concrete prepared with the admixture 
under test, shall be compared with those of a 
reference concrete, which contains the same 
cement and aggregates, without retarder, and 
has the following composition: 

Cement content—6.0+0.1 bags per 

cubic yard; 

Air content—5.5-+0.5 percent; 

Slump—2'% + % inches; 

Fine aggregate, by solid volume of 

total aggregate—36 to 41 percent. 

C-1. The mixes of concrete containing the 
retarder shall have an air content of 5 to7 
percent, inclusive. An approved air-entrain- 
‘fing admixture shall be used if the retarder does 
not entrain sufficient air. 

C-2. A sufficient amount of retarding ad- 
mixture shall be used to cause an increase of 
50 to 60 percent in setting time over the setting 
time of the reference mix. The setting time 
































1 Other types of retarders may become available. 
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for both mixes shall be determined using a 
Proctor penetration pressure of 500 pounds 
per square inch at a temperature of 73.4+3° F. 
for the concretes and ambient air. 

D. Required properties of retarder—When 
added to concrete in powder or liquid form, 
in the manner prescribed by its manufacturer 
or marketer and in sufficient amount to retard 
the setting time 50 to 60 percent, the re- 
tarding admixture shall cause the concrete to 
have the following properties in comparison 
with those of the reference concrete. 

D-1. When the test and reference concrete 
have equal cement content and equal slump: 

(a) The water content shall be decreased 
at least 5 percent; 

(b) The air content of the retarded con- 
crete, with or without an air-entraining ad- 
mixture, shall not exceed 7 percent; 

(c.1) The compressive strength at ages of 
3, 7, and 28 days shall be increased at least 10 
percent; 

(c.2) For concrete to be used in pavement, 
the flexural strength shall not be reduced at 
an age of 7 days; at an age of 28 days, the 
flexural strength shall not be reduced more 
than 5 percent; 

(d) The relative durability factor for the 
freezing and thawing test shall not be less 
than 80; 

(e) The drying shrinkage at 200 days, after 
2 days initial moist curing, shall not increase 
more than 0.01 percentage points over the 
shrinkage of the nonretarded concrete. 

D-2. When the test concrete has a reduced 
cement content of 4% bag per cubic yard but 
the same slump as the reference concrete: 

(a) The compressive strength at ages of 
3, 7, and 28 days shall not be reduced; 

(b) The air content of the retarded con- 
crete, with or without an air-entraining ad- 
mixture, shall not exceed 7 percent; 

(c) The flexural strength shall not be re- 
duced more than 5 percent at an age of 7 days 
nor more than 10 percent at an age of 28 days; 

(d) The relative durability factor for the 
freezing and thawing test shall not be less 
than 80. 


IV. PERFORMANCE REQUIREMENTS 


When a contractor proposes to use an ap- 
proved water-reducing retarding admixture 
he shall submit a certificate stating that the 
admixture is identical in composition with the 
sample that was used for the acceptance tests. 
If the admixture varies in concentration from 
the acceptance sample, a certificate will be 
required stating that the product is essentially 
the same for chemical constituents as the 
approved admixture, and that no other ad- 


mixture or chemical has been added. Either 
prior to or at any time during construction, 
the engineer may require the selected admix- 
ture to be tested further to determine its 
effect on the strength of the concrete. When 
so tested, 3- and 7-day compressive strengths 
or 7-day flexural strengths of the concrete, 
made with the admixture and specified cement 
and aggregates, in the proportions to be used 
or being used on the job, shall meet the re- 
quirements of Section III D for either equal 
cement content or reduced cement content. 
A reference mix of equal or higher cement con- 
tent, without the retarder, shall be made and 
tested with the concrete containing the re- 
tarder as a basis for comparison. 

The strength relations shall be calculated 
on the results of at least 5 standard 6- by 
12-inch cylinders or 5 standard 6- by 6- by 
21-inch beams, made, cured, and tested in 
accordance with the current AASHO Methods 
T 22, T 97, and T 126, for each class of con- 
crete at each age of test. 


V. APPLICABLE SPECIFICATIONS 

A. AASHO specification M 85 for portland 
cement, type I or II. 

B. AASHO specification M 6 for fine aggre- 
gate for portland cement concrete. 

C. AASHO specification M 80 for coarse 
ageregate for portland cement concrete. 

D. AASHO specification M 154 for air- 
entraining admixtures for concrete. 

EK. AASHO method T 126 for making and 
curing concrete compression and flexure test 
specimens in the laboratory. 

F. AASHO method T 119 for slump test 
for consistency of portland cement concrete. 

G. AASHO method T 152 for air content 
of freshly mixed conerete by the pressure 
method. 

H. ASTM method C 403 for rate of harden- 
ing of mortars sieved from concrete mixtures 
by Proctor penetration resistance needles. 

I. AASHO method T 121 for weight per 
cubic foot, yield, and air content (gravimetric) 
of concrete. 

J. AASHO method T 22 for compressive 
strength of molded concrete cylinders. 

K. AASHO method T 97 for flexural 
strength of concrete (using simple beam with 
third-point loading). 

L. AASHO method T 160 for 
change of cement mortar or concrete. 

M. AASHO method T 161 for resistance of 
concrete specimens to rapid freezing and 
thawing in water. 

N. ASTM method C 215 for fundamental 
transverse, longitudinal, and torsional fre- 
quencies of concrete specimens. 


volume 


153 


Water-Reducing Retarders 
for Concrete— 
Physical Tests 


(Continued from page 152) 


temperature to exceed that of mortar pre- 
pared without aretarder. Except for retarder 
No. 5, which developed its maximum tem- 
perature of 106° F. at two different times, 
the other retarders reached their maximum 
temperatures 3-8 hours later than ‘did the 
nonretarded mortar mix. 
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the American Concrete Institute, vol. 17, 
No. 3, Jan. 1945, pp. 137-177. 

(2) Properties and uses of initially retarded 
concrete, by Lewis H. Tuthill and William 
A. Cordon. Journal of the American 
Concrete Institute, vol. 27, No. 3, Nov. 
1955, pp. 273-286. 

(3) Discussion of a paper on Properties and 
uses of initially retarded concrete. Journal 
of the American Concrete Institute, vol. 
28, No. 6, Dec. 1956, pp. 1187-1200. 


Motor Vehicle Size 
and Weight Limits 


A comparison of State legal limits of motor- 
vehicle sizes and weights with standards 
recommended by the American Association 
of State Highway Officials is given in the table 
on pages 140-141. The statutory limits re- 
ported in this tabulation, prepared by the 
Bureau of Public Roads as of July 1, 1960, 
have been reviewed for accuracy by the appro- 
priate State Officials. 

Statutory limits are shown for width, height, 
and length of vehicles; number of towed 
units; maximum axle loads for single and 
tandem axles; and maximum gross weights 
for single-unit truck, truck-tractor semitrailer 
combinations, and other combinations. 


Editors note: For those who have received 
distribution of this table prior to this issue, 
please note the following corrections in foot- 
note references: In the entries for Maryland 
and Ohio, the footnote numbers 31 and 44 
should be deleted from the column “Axle 
load-pounds, Tandem, Statutory limit’; in 
the entry for-North Dakota, footnote reference 
44 should be added in the ‘‘5-axle”’ and ‘‘Other 
combination” columns under the heading 
“Practical maximum gross weight.” 





New Publications 


Three new publications by the Bureau of 
Public Roads are now available from the 
Superintendent of Documents, Government 
Printing Office, Washington 25, D.C. 

Highway Transportation Criteria in Zoning 
Law, dealing with the zoning law as it relates 
to highways is available at 35 cents a copy. 
This publication consists of two articles. 
The first article, Highway Transportation 
Criteria in Zoning Law, presents a compre- 
hensive annotation of court decisions and 
statutory law dealing with the use of zoning 
powers to promote traffic and transportation 
objectives without hindering progress toward 
achievement of overall land-use planning 
The article relates the extent and 
nature of judicial application of existing 
highway transportation criteria, and then 
suggests new criteria for consideration by the 
courts in handling zoning actions. Finally, 
the article recommends ways and means to 
obtain judicial acceptance of new criteria. 
Included is a summary of pertinent State 
zoning enabling legislation and a number of 
suggested zoning ordinance provisions. 

The second article presented in this publi- 
cation, Police Power and Planning Controls 


goals. 
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for Arterial Streets, suggests application of 
regulatory and zoning measures to traffic 
problems on urban arterial streets. A Wash- 
ington, D.C., arterial street is used to illus- 
trate the conflicting purposes and certain 
manifestations of deterioration sought to be 
remedied through the utilization of the police 
powers, access control provisions, and land-use 
and planning controls. 

The second publication available which 
may be purchased at 20 cents a copy is a 
revised edition of The Identification of Rock 
Types. 

In selecting the best rock for use in different 
types of highway construction, in planned 
locations of roads and bridges, and/or in 
locating sources of aggregates, highway 
engineers must be able to identify types of 
rocks in the field without elaborate equipment. 
This publication, which revises and expands 
the original edition of 1950, provides a simple 
method, suitable for field use, for the identifi- 
cation of the different types of rocks. The 
Identification of Rock Types will also be of 
great use to many other engineers, students, 
and other persons interested in this subject 
or whose work requires a limited practical 
knowledge of geology. 

Also available is the publication entitled 
Road-User and Property Taxes on Selected 


Motor Vehicles, 1960. The 38-page bulletin 
reports the motor-fuel taxes, passenger car 
and truck fees, and other road-user taxes and 
the property taxes (where available) that 
would be paid on each of 13 selected typical 
vehicles, ranging from passenger cars to 
heavy truck-trailer combinations. Assuming 
certain conditions, such as annual miles 
traveled, this bulletin reports the amount of 
taxes paid in each State under the tax 
schedule in effect on January 1, 1960. 

The publication has the same objectives as 
the three previous reports discussing taxes 
on selected motor vehicles, the last of which 
was published in Pusiic Roaps in August 
1956. 

The new study supplies basic data on 
road-user taxes as of January 1, 1960, and 
shows the relation of those taxes to property 
taxes levied on motor vehicles. A second 
objective of the study was to permit a com- 
parison of the road-user taxes of each State 
with those of other States on similar vehicles 
and similar services. 

Road-User and Property Taxes on Selected 
Motor Vehicles, 1960, may be purchased from 
the Superintendent of Documents, Govern- 
ment Printing Office, Washington 25, D.C., 
at 30 cents a copy. 
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PUBLICATIONS 
of the Bureau of Public Roads 





A list of the more important articles in PuBuiic Roaps and title 
sheets for volumes 24-30 are available wpon request addressed to 
Bureau of Public Roads, Washington 25, D.C. 

The following publications are sold by the Superintendent of 
Documents, Government Printing Office, Washington 25, D.C. 
Orders should be sent direct lo the Superintendent of Documents. 
Prepayment is required. 


ANNUAL REPORTS 


Annual Reports of the Bureau of Public Roads: 
1951, 35 cents. 1952,25cents. 1955,25cents. 1958, 30 cents. 
1959, 40 cents. (Other years are now out of print.) 


' 


REPORTS TO CONGRESS 


A Report of Factors for Use in Apportioning Funds for the 
National System of Interstate and Defense Highways, House 
Document No. 300 (1958). Out of print. 


Consideration for Reimbursement for Certain Highways on the 
Interstate System, House Document No. 301 (1958). Out of 
print. 


Factual Discussion of Motortruck Operation, Regulation and 
Taxation (1951). 30 cents. 


Federal Role in Highway Safety, House Document No. 93 (1959). 
60 cents. 


First Progress Report of the Highway Cost Allocation Study, 
House Document No. 106 (1957). 35 cents. 


Highway Needs of the National Defense, House Document No. 
249 (1949). Out of print. 


Interregional Highways, House Document No. 379 (1944). Out 
of print. 


Local Rural Road Problem (1950). Out of print. 


Needs of the Highway Systems, 1955-84, House Document No. 
120 (1955). Out of print. 


Progress and Feasibility of Toll Roads and Their Relation to the 
Federal-Aid Program, House Document No. 139 (1955). Out 
of print. 


Progress Report on the Federal-Aid Highway Program, House 
Document No. 74 (1959). Out of print. 


Public Utility Relocation Incident to Highway Improvement, 
House Document No. 127 (1955). 25 cents. 


Third Progress Report of the Highway Cost Allocation Study, 
House Document No. 91 (1959). Out of print. 


PUBLICATIONS 


Catalog of Highway Bridge Plans (1959). $1.00. 

Classification of Motor Vehicles, 1956-57. 75 cents. 

Construction of Private Driveways, No. 272 MP (1937). 15 cents. 

Design Capacity Charts for Signalized Street and Highway Inter- 
sections (reprint from Pusiic Roaps, Feb. 1951). 25 cents. 

Federal Laws, Regulations, and Other Material Relating to 
Highways (1960). $1.00. 

Financing of Highways by Counties and Local Rural Govern- 
ments: 1942-51. 75 cents. 

General Location of the National System of Interstate Highways, 
Including All Additional Routes at Urban Areas Designated in 
September 1955. 55 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Capacity Manual (1950), $1.00. 

Highway Statistics (published annually since 1945): 

1955, $1.00. 1956, $1.00. 1957, $1.25. 1958, $1.00. 

Highway Statistics, Summary to 1955. $1.00. 

Highway Transportation Criteria in Zoning Law (1960). 35 
cents. 

Highways of History (1939). 25 cents. 

Hydraulics of Bridge Waterways (1960). 40 cents. 

Legal Aspects of Controlling Highway Access (1945). 15 cents. 

Manual on Uniform Traffic Control Devices for Streets and High- 
ways (1948) (including 1954 revisions supplement). $1.25. 

Revisions to the Manual on Uniform Traffic Control Devices 
for Streets and Highways (1954). Separate, 15 cents. 

Parking Guide for Cities (1956). 55 cents. 

Public Control of Highway Access and Roadside Development 
(1947). 35 cents. 

Public Land ‘Acquisition for Highway Purposes (19438). 10 cents. 

Results, of Physical Tests of Road-Building Aggregate (1953). 
$1.00. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photograme- 
metric Methods for Highways, 1958: a reference guide outline. 
75 cents. 

Standard Specifications for Construction of Roads and Bridges on 
Federal Highway Projects, FP—57 (1957). $2.00. 

Standard Plans for Highway Bridge Superstructure (1956). 
$1.75. 

The Identification of Rock Types (revised edition, 1960). 20 
cents. 

The Role of Aerial Surveys in Highway Engineering (1960). 
40 cents. 

Transition Curves for Highways (1940). $1.75. 
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